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THE TUBERCLE BACILLUS AND CANCER IN MICE 


By Tuomas CHerry, M.D., M.S., 
Cancer Research Fellow, University of Melbourne. 


(From the Walter and Eliza Hall Institute and the 
University Institute of Veterinary Research.) 


INTRODUCTION. 


From an analysis of the deaths in England taken. 


from the reports of the Registrar-General I con- 
cluded that several converging lines of evidence 
indicated the existence of a close relationship 
between cancer and tuberculosis. In my first 
paper™) I dealt with the occupations and showed 
that with few exceptions a high or low incidence 
of phthisis between the ages of twenty-five and 
forty-five was followed by a corresponding high or 
low incidence of cancer in all subsequent age 
periods. Accuracy of diagnosis does not affect this 
result, because in each comparison the deaths have 
all occurred at the same census period. 

In a second paper?) dealing with all deaths above 
the age of twenty-five I showed that in each succes- 
sive five-year period the combined deaths from the 
two diseases have always constituted 20% of the 
total deaths, the increase in cancer compensating 
for the reduction in phthisis. In this case correc- 
tions are made to equalize the accuracy of diagnosis 
and data are discussed by which an approximation 
in this direction may be effected. Certain facts 
emerge from this analysis which suggested a theory 
that cancer attacks those who are hyperresistant to 
tuberculosis, and that the factor which precipitates 
the crisis in the life history of the cells of the body, 
is a fresh invasion by the bacillus. 

In 1925 the University provided facilities for 
putting my deductions to the test of experiment. In 
the following survey the descriptions are necessarily 
curtailed, but in a small number of the mice they 
are given in greater detail, so that the reader may 
form an estimate of the general lesions found in 
each of the three pathological conditions, tuber- 
culosis, leuchemia and cancer. The microphoto- 
graphs are selected chiefly to illustrate the lesions 
common to the three, as such have not been 
described in mice before. 


Methods. 


Mice were selected as best suited for such an 
investigation because they are liable to spontaneous 
cancer and also highly resistant to tuberculosis. 
It is known that ordinary laboratory doses of the 
bacilli apparently produce no permanent effect and 
hence I decided to place minute doses in positions 
where they would presumably come into contact 
with the defensive mechanism of the body more 
slowly than when injected by the subcutaneous or 
peritoneal route. Seventy-four were therefore inocu- 
lated immediately beneath the cuticle of the skin 
and twenty-two at the corresponding depth at the 
margin of the mucous membrane of the lip. In mice 
the cuticle is so thin that this cannot be done by 
means of a hypodermic syringe and the following 


2 Publication of the R. J. Fletcher Research Fund, 


method was used: The point of a very fine sewing 
needle was inserted into a suitable handle and the 
part beyond the eye ground to a chisel point. A 
number 10 needle with a round eye delivers approxi- 
mately one ten-thousandth of a cubic centimetre per 
“eyeful.” In the anesthetized animal a tunnel is 
made beneath the cuticle for a distance of three or 
four millimetres with the pointed end of a larger 
needle. If serum or blood appears when this needle 
is withdrawn, the tunnel is rejected and another 
made close to it. Meanwhile an assistant charges 
the inoculating needle and holds it so that the 
operator can take it without removing his eye from 
the mouth of the tunnel as he withdraws the first 
needle. If the inoculating needle does not enter 
the tunnel freely a fresh start is made. In mice the 
cuticle is nearly transparent, so that the needle can 
be seen as it forms the tunnel, but the epithelium 
is so thin and delicate that it is sometimes difficult 
to feel satisfied that the deeper layers of the skin 
have not been punctured. After each inoculation 
the needle is dipped in methylated spirit and passed 
rapidly through the flame. The point of inoculation 
in the back was near the mid-line between the 
scapule. In thirty-one of the raw milk mice the 
selected spot was very lightly cauterized by the 
point of a fine thermocautery or a stick of caustic 
potash and after about a week the bacilli were 
placed beneath the dry scab. The others were 
inoculated without preliminary treatment, except 
that the hair was closely clipped with a fine pair 
of scissors. One-fourth of the mice was inoculated 
more than once. 

The emulsion was prepared from a glycerine-agar 
slope about a month old, rubbed up in sterile salt 
solution to which a trace of bicarbonate of soda had 
been added. When by the opacity it was estimated 
to be above one thousand millions per cubic centi- 
metre it was spun at three thousand revolutions for 
one minute and used at once, the needle being 
charged from the upper supernatent fluid layers. 
After the inoculations were completed, the number 
of organisms was determined by the hemacytometer 
count and also by Breed’s method, the amount 
delivered by the needle being already known. 

The estimate of the number inoculated varied 
from 5,000 to 150,000 from different emulsions. On 
the average cultures of tubercle bacilli contain 
about 4,000 millions to the milligramme. Hence a 
dose of 100,000 bacilli is equal to one forty- 
thousandth milligramme. The actual number of the 
bacilli is of less importance than the uniformity of 
the dose delivered by the needle. Five hundred 
gramme guinea pigs were inoculated beneath the 
cuticle from the emulsion used. Three of these 
receiving 150,000 bacilli have died at periods of 141, 
145 and 155 days after inoculation. In a second 
series receiving 100,000 organisms three have died 
at 166, 173 and 175 days respectively. 

The mice are kept in cages made from ordinary 
petrol tins provided with fly-proof mesh wire lids 
and suitable drinking tubes. The cages are steri- 
lized by boiling once a week. Bedding consists of 
saw dust and pine shavings from planing machines. 
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The food comprises (i) boiled milk with bread or 
rice and crushed barley three days a week, (ii) a 
mixture of crushed barley, bran, lucerne chaff and 
maize, (iii) fresh beef dripping, (iv) grass, cabbage 
or other raw vegetable. 

After death the contents of the thorax and 
abdomen are examined in order to note any obvious 
abnormal conditions, but none of the organs is 
removed. The animal is hardened in 4% formalin. 
The parts embedded comprise (i) a block including 
the stomach, duodenum, pancreas and parts of the 
liver and spleen, (ii) a transverse section of the 
body extending from the middle of the neck to 
about the mid-line of the heart. This block usually 
includes the point of inoculation, the structures in 
both axille and those adjacent to the bifurcation 
of the trachea. Any suspected lesion not included in 
these blocks is also embedded. The parts are thus 
available for examination by serial sections without 
any great disturbance of their existing relations. 
The routine staining reagents used are Ehrlich’s 
hemotoxylin and picric acid, eosin or Van Giesen’s 
stain. 

The following words are used with the specified 
meaning throughout this paper: 

Local means close to the point of inoculation. 

Endothelioid areas are collections of cells with 
feebly staining rounded nuclei and more or less 
confluent cytoplasm. 

Cancer includes all forms of malignant tumours. 

Lesion is used in a wide sense, sometimes being 
equivalent to pathological changes. 

Lymphoid includes both the lymphatie and 
myelogenous type. 

The lymphatic glands are classified by the length 
of their greatest diameter in millimetres. The fol- 
lowing terms are used: “Small” less than 1:5; 
“medium” between 1°5 and 3; “large” between 3 
and 45. Larger glands or masses of lymphoid 
tissue are classed as tumours. 

Lymphoid syndrome refers to the following list 
of lesions: (i) Enlarged glands, (ii) lymphoid mar- 
row, (iii) lymphoid infiltration of the stomach, (iv) 
of the liver, (v) of the subcutaneous and areolar 
tissues, (vi) enlarged spleen, (vii) leuchamic blood 
picture, (viii) areas of hemorrhage. The diagnosis 
of leuchemia or pseudoleuchemia is made on the 
presence of five or more of these lesions. 

An attempt has been made to standardize these 
. lesions by referring to the infiltrations as “intense” 
or “massive,” “medium” and “slight,” a type set of 
the different tissues having been selected for pur- 
poses of comparison. The weight of the spleen is 
given as a multiple of the estimated normal weight 
which I have taken to be 0-125 gramme for the 
twenty-five gramme mouse. The blood picture in the 
stained sections is classified by the method described 
in the next section. Only the two principal varieties 
of leucocytes are usually mentioned, hence lympho- 
cyte refers to the small type unless otherwise stated 
and polymorphonuclear includes all varieties of the 
polymorphonuclear cells. 

The protocols begin with the following informa- 
tion: Sex, number of bovine tubercle bacilli inocu- 


lated, period elapsing before death, age at death. 
The site of inoculation is between the scapule 
except when otherwise stated. 


Mouse Stock and Results. 


The albino mice with which I began work in 1925, 
were a mixed strain descended from two males and 
four females brought from Adelaide in 1921 with 
an unknown proportion of new blood introduced 
from the Melbourne Zoological Gardens in 1928. 
The Adelaide mice are descended from four animals 
purchased in Sydney in 1920. In a recent paper“) 
details are given of the blood examination and the 
leuchemic blood picture found in a large number 
of these mice. About 60% of 216 mice have 
exhibited leuchemic blood or a lympho-sarcomatous 
tumour, the two conditions being associated in 16% 
of the mice. Further details of these tumours are 
promised shortly. “Carcinoma of the mammary 
gland has never appeared in the Adelaide mice and 
all other forms of carcinoma occur in less than 3% 
of the animals.” 


Within eight months of the first inoculations six 
of the control mice died with lymphoid tumours of 
the neck and with very large spleens. As most of 
them came from two cages and as infestation with 
acari and lice was also found in the older mice, I 
changed the routine method in January, 1926, boil- 
ing the milk and adding barley, green vegetables 
and dripping to the diet. The young from six litters, 
half each from control and inoculated mice, were 
segregated as soon as they were weaned and from 
them the “boiled milk stock” is descended. These 
have been used in the subsequent experiments, so 
that all my mice belong to a single strain without 
the introduction of new blood. Hence the mice fall 
into the following groups: 


A.—Fifty-one mice (raw milk inoculated) were 
inoculated with tubercle bacilli at the age of from 
eight to twelve months. They present the following 
tumours: tuberculoma 2, carcinoma 8, adenoma and 
papilloma 13, mesoblastie 13. 

B.—Fifty-one mice (raw milk controls) died of 
natural causes and present carcinoma 2, adenoma 
1, mesoblastic tumours 12. 

C.—Forty-five mice (boiled milk inoculated), aged 
from three to six months at time of inoculation. 
They present the following tumours: tuberculoma 
1, carcinoma 13, adenoma and papilloma 6, 
mesoblastic 8. 

D.—One hundred mice (boiled milk controls) died 
of natural causes and present carcinoma 2, 
adenoma 1, mesoblastic tumours 3. 


E.—Fifty-nine mice were examined to study the 
normal pylorus and for similar purposes and 
fourteen were used to test the effect of minute doses 
of bacilli when injected into the peritoneal cavity. 
Some of these were of different strains from those 
inoculated. Three hundred and twenty mice have 
thus been examined in this investigation. 


The first four groups are perhaps not strictly 
comparable on account of differences in the sex dis- 
tribution, the proportion of females being: raw 


| 
| 
| ; 
| 
| 
| 
| | 
| 


162 THE MEDICAL JOURNAL OF AUSTRALIA. 


FEBRUARY 9, 1929. 


milk inoculated 66%, boiled milk inoculated 33%, 
controls, both groups, 80%. The incidence of all 
lesions is uniformly lower in the males. That of 
neoplasms in females in each of the inoculated 
groups is 71%. 

The percentage incidence of neoplasms and of 
mice presenting four and five of the lymphoid 
lesions is given in Table I. 


TABLE I. 
Percentage Incidence of Lesions. 


Lymphoid 
Neoplasms. Syndrome. 
N 
| 
Mice Five | Four 


Meso- 
Epithelial.| blastic. | Total. |Lesions. Lesions. 


| 
| 


Raw milk inoculated 51 39-2 25°5 64-7 39-2 58°8 
Raw milk controls.. 51 5:8 23°6 | 29-4 | 37-2 | 45°1 
Boiled milk inoculated 45 44-4 17°8 62-2 20:0 53°38 
Boiled milk controls.. | 100 3-0 3-0 6-0 | 11:0 | 14-0 


Each class of tumour will be dealt with in detail 
in the following sections. The high incidence of 
mesoblastic tumours and lymphoid lesions in the 
raw milk controls, nearly equal to that of the raw 
milk inoculated mice, arrests attention and it was 
this group which led me to change the mode of 
management of the mice. 

Two disturbing elements have appeared which 
will be referred to at a later stage: (i) The infec- 
tion of unknown character in the raw milk controls. 
The affected mice are those with the lymphoid 
tumours and they also present a high incidence of 
other lesions of the lymphoid syndrome and of 
lymphatic leuchemia. (ii) An outbreak of pseudo- 
tuberculosis in the boiled milk controls which is 
associated with most of the lymphoid lesions 
occurring in this group. The other groups almost 
completely escaped this infection. 

At this point it may be explained that by 
lymphoid syndrome is meant a condition in which 
the macroscopically prominent feature is enlarge- 
ment of the lymphatic glands associated with a 
varying number of the lesions just enumerated. The 
name is applied to these phenomena whether the 
predominating cell is lymphocytic or polymorphic 
in character. 

In these mice the two conditions cannot be 
sharply separated one from the other. It is prob- 
able that the exciting cause of the polymorphic 
variety is some such infection as pseudo-tuber- 
culosis, sarcocystic infestation or septic conditions 
which provoke the corresponding leucocytosis. In 
the lymphocytic variety it is tuberculosis or possibly 
other unrecognized infecting agents exciting a 
similar response. Evidence bearing on this question 
will be discussed later when the last column of 
Table I is analysed in detail. 


THE TUBERCULOMATA. 


A tumour diagnosed as a tuberculoma is present 
in three of the inoculated mice associated with acid- 
fast bacilli and many indications of lymphoid 
activity. Mice differ from most other mammals in 


their reaction to tuberculosis and as I can find 
no description of tuberculoma in these animals, a 
brief synopsis of the results hitherto reported may 
be given. 

Mice are nearly immune to ordinary laboratory 
doses and miliary tubercles and giant cells are 
never and caseation is rarely seen. By intraperi- 
toneal injection one milligramme of culture (about 
4,000 million organisms) often produces merely a 
transient effect, while a dose of two milligrammes 
kills them on the average in twenty-two days, 
although a mouse occasionally survives for six 
months.) After subcutaneous inoculation with 
very large doses the nearest lymph glands become 
enlarged, but do not caseate; there is a large spleen 
and “the blood is everywhere filled with tubercle 
bacilli.”“’ In contrast with these findings spon- 
taneous tuberculosis has been described apparently 
from eating the excreta of tuberculous birds 
and infection by feeding is said to be easily 
accomplished.‘ 


Details which have a direct bearing on my results, 
are furnished by more recent observers. In 1919 
Browning inoculated nineteen mice with one milli- 
gramme of. culture, the leucocyte count having been 
reduced by X rays in some cases. Three of the mice 
died and the others were killed after twenty-nine 
weeks. Tubercle bacilli were found in eight mice, 
three of which had “fairly massive abdominal 
lesions containing abundant acid-fast bacilli.” 
Gye and Kettle traced the history of the bacilli 
injected by various routes from the first few hours 
up to three months. The doses given appear to have 
contained from one hundred million organisms to 
three times that number. The bacilli proliferate in 
the tissues, but cause little disturbance beyond a 
dense zone of phagocytes, but if silica had been 
injected a few days previously, the bacilli settle 
in the lesions so produced and proliferate “in 
enormous numbers.” The type of reaction was 
modified by the quantity of bacilli injected.) It 
has also been found that while mice are very sus- 
ceptible to the pneumococcus by subcutaneous 
inoculation, they are entirely resistant to skin 
infection. 


The rat is equally resistant to tuberculosis, but 
very large doses may produce a tuberculoma “con- 
sisting of bacilli and proliferating tissue.” Much 
smaller doses produce a pronounced lymphocytosis, 
the bacilli may be traced along the lymph paths 
and one typical lesion containing tubercle bacilli 
was found in the spleen, lungs, lymph glands, bone 
marrow and liver. It consisted of areas of endo- 
thelial proliferation with fusion of the cytoplasm 
of the cells near the bacilli, strongly suggestive of 
an early stage of giant cell formation.“”) 

The details of my three mice are as follow: 

1. Female, dose 100,000 in lower lip, death at 
thirteen weeks, age thirteen months. 

The neck is greatly swollen from the jaw to the 
thorax, due in part to masses resembling enlarged 
lymphatic glands and in part to infiltration of the 
tissues with small round cells usually with compact 
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round nuclei. The masses are composed of similar 
cells and in one of them at the angle of the jaw in 
an area of beginning caseation abundant acid-fast 
bacilli are present. In the others areas of poorly 
staining nuclei are found, but acid-fast bacilli are 
not demonstrable. Beneath the masses lie the 
enlarged salivary glands. 

The infiltration forms a complete collar at the 
depth of the platysma, distends all intermuscular 
septa, thickens the walls of the trachea and com- 
presses the carotids and jugulars almost beyond 
recognition. 

In the thorax there are medium sized lymphatic 
glands at the bifurcation of the trachea, large areas 
of the lungs are affected with broncho-pneumonia 
and the blood in the heart and great vessels contains 
many nucleated cells. 


The large spleen (twenty five times the usual 
size) contains many “endothelioid” areas, very 
numerous acid-fast bacilli, many particles of 
brownish pigment and small irregular points which 
stain deeply with hematoxylin. Near a vein in the 
adjoining fatty tissue a focus of small round cells 
contains great numbers of acid-fast bacilli, A 
lymphoid mass one centimetre in length occupies 
the space between the liver, pancreas and stomach, 
being adherent to all three. The muscular and sub- 
mucous coats of the stomach and the connective 
tissue of the pancreas are heavily infiltrated with 
small round cells. In the liver similar cells form 
masses round the interlobuar veins and extend into 
the hepatic capillaries. In the vessels of the liver 
and pancreas the blood contains very many 
nucleated cells. There is lymphoid marrow in the 
humerus. 


Diagnosis: Local tuberculoma with seven 


syndrome lesions. 

2. Female, dose 100,000, death at eight and a 
half months, age thirteen months. 

Under a small abrasion at the point of inocula- 
tion lies a subcutaneous, well encapsuled lymphatic 
gland-like mass one centimetre long. In a small 
necrotic focus in it were found acid-fast bacilli in 
abundance. A large lymphatic gland almost in 
contact and others in the neck and thorax have the 
same structure of small and large lymphocytes, but 
there is no necrosis nor are bacilli seen. 

A similar mass 1:5 centimetres in diameter with 
small necrotic foci but no demonstrable bacilli was 
adherent to the surrounding viscera in the gastro- 
splenic region. Much small cell infiltration is again 
present in the pancreas and stomach wall, while the 
liver lesions comprise capillary small cell infiltration 
of the more normal parts, pigment containing areas 
of old hemorrhage surrounded by a zone of round 
and spindle cells and compressed hepatic cells, more 
active looking areas of large, round, spindle and 
giant cells, all apparenty of hepatic origin. 

The blood in the heart, great vessels and liver 
contains great numbers of small nucleated cells. 
The speen is enlarged eight times the usual size. 

Diagnosis: Local tuberculoma with six syndrome 
lesions. 


3. Female, dose 120,000, death at ten months, age 
sixteen months. 

“ small wasted mouse with many large glands 
in the neck, extensive lesions in the thorax and a 
tumour in the gastro-splenic area 1-5 centimetres 
in diameter. 

A necrotic area in the splenic end of this tumour 
contains immense numbers of acid-fast bacilli. In 
the middle lobulated zone areas of large cells with 
nuclei very irregular in size and depth of staining 
show occasional acid-fast bacilli. By way of 
adhesions the cells penetrate the liver capsule, the 
stomach wall and between the pancreatic lobules. 
Small cells infiltrate very densely the interlobular 
zones and capillaries of a great part of the liver. 

In the large spleen (five times the usual size) 
acid-fast bacilli are found in the many “endothelioid 
areas.” 

The trachea and esophagus are pressed against 
the vertebre by a lymphoid mass six millimetres 
across, in parts with deeply stained nuclei of 
irregular size and shape and in others feebly stained 
nuclei, but no bacilli. Broncho-pneumonia has 
solidified a large part of the right lung and con- 
siderable areas are becoming caseous, the left lung 
being less affected. No bacilli have been found in 
the thorax. 

The local changes include great thickening of the 
corium and enlarged axillary and cervical glands. 
Lines of lymphocytes lead to deep lymphoid masses 
in the neck. One of the largest is a paratracheal 
gland partly caseous and containing acid-fast 
bacilli. The salivary glands are enlarged and 
infiltrated, the marrow lymphoid and the blood 
leuchemic. 


Diagnosis: Tuberculoma with six syndrome 
lesions. 

The tuberculous nature of these tumours was not 
suspected at first and as there was nothing in the 
naked eye appearance to distinguish them from 
lymphomata, no attempt was made to complete the 
identification of the organism by inoculating guinea- 
pigs. The absence of this link in the chain of 
evidence has led to the suggestion that the lesions 
are due not to the injected bacilli, but to a new 
acid-fast organism found in these mice. This 
explanation involves the following set of coincid- 
ences: The chance discovery of tumours containing 
great numbers of acid-fast bacilli, microscopically 
identical with Koch’s and found in the type of 
lesion closely resembling that described as charac- 
teristic of tuberculous infection in rats. They occur 
only in mice inoculated with tubercle bacilli and 
in two of the three mice the tumour arose close 
to the point of inoculation. In all three the bacilli 
are so numerous that in stained sections pink foei 
can be seen with the naked eye. 

Negative evidence of special weight is available 
pointing to the absence of such lesions in mice. In 
cancer research laboratories thousands of these 
animals have been subjected to detailed examination 
every year since 1904. Every suspected tumour has 
been examined and in many instances special search 
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EXPLANATIONS OF PLATES. 


Figure I. 
Part of a lymphatic gland near point of inoculation, with an 
endothelioid area at A containing acid-fast bacilli. Small cell 
infiltration of fat to the right and lines of fibroblasts between 
the gland and the subjacent muscular fibres M. (x 80.) 


Ficure II. 
To the right, part of a lymphatic gland containing great 
numbers of acid-fast bacilli. To the centre and left, lactating 
acini of an axillary mammary gland other parts of which are 
carcinomatous. (x 80.) 


: Ficure III. 
This gland contains acid-fast bacilli in endothelioid areas. 
Lobules of pancreas normal except for the lymphocytic infiltra- 
tion are seen below and to the left. (x 80.) 


Figure IV. 

An interlobular vein in the centre contains leuchemic blood 
(L.B.). The dense mass of lymphocytes surrounds the’ vein, 
the edge being apparently well defined, but under a higher 
magnification similar cells may 3S found in the capillaries also. 

x 


Figure V. 

In an area of the liver close to the capsule most of the-blood 
spaces contain lymphocytes. In most of these there is a deeply 
stained nucleus with little or no trace of cytoplasm, but some- 
times showing signs of nuclear division. The chromatin of the 
large hepatic nuclei H is very diversified. The cytoplasm of 
these cells is often seen to form long extensions, the hepatic 
' columns being broken up. (x 525.) 


Figure VI. 
From a control mouse with pseudo-tuberculosis. This is an 
infiltration of the pancreas (P) the polymorphonuclear 
leucocytes representing about 60%, the young cells having ring- 
ped nuclei. In others the nucleus is bilobed. The pancreas 
is seen to the left with similar cells penetrating between the 
large epithelial cells. (x 525.) 


Figure VIa. : 
From the pleura of the same mouse, the polymorphonuclear 
leucocytes being mixed with small and large lymphocytes and 
other large leucocytes, the count being polymorphonuclear cells 
40%, large cells 40% and small lymphocytes 20%. (x 525.) 


Ficure VII. 
The animal is lying obliquely on its back (the right side of the 
thorax being on the left side of this print), the antero-posterior 
line passing upwards through the muscles, spinal cord, body 
of vertebra V, csophagus O, left bronchus, heart H, and costal 
and pectoral muscles. The large lymphoid masses L occupy 
the right mediastinum, both axille and both shoulders. The 
vertebra and left ribs appear black on account of lymphoid 
marrow. That of the right ribs and humerus is scarcely 
affected. The blood in the heart and great vessels appears dark 
as it is stained with picric acid. The left lung is nearly normal, 
the right shows a large area of broncho-pneumonia, (x 6.) 


Ficures VIII and IX. 
Large lymphoid tumours L occupy the front and side of the 
neck, behind them being the very large salivary glands S. 
The trachea T and cesophagus O point backwards to the 
vertebra and spinal cord C. (x 6. 


FIGURE X. 
Section of thorax and shoulder, the lymphoid tumour L sur- 
rounding the trachea T near its bifurcation lying below the 
vertebra and spinal cord C. The trachea is oval in section and 
partly filled with exudation. Its walls are indistinguishable 
from the lymphoid mass in which they are embedded. Smaller 
extensions of the tumour are seen surrounding the cesophagus. 
There is a large gland in the "aay above the muscular mass 

x 3. 


Ficure XI. 
The black areas are sections of the metastases of the lympho- 
sarcoma shown in Figure X which are lying in an intercostal 
muscle. The upper margin of the figure is the pleural cavity 
and on the left is a section of a rib with normal marrow. The 
larger deposits of tumour cells occupy the muscular bundles, the 
two small ones V are plugs in small veins. Considerable lympho- 
cytic infiltration extends to the periosteum of the rib. (x 80.) 


Figure XII. 
This area is a portion of a large mixed cell tumour arising 
from the right horn of the uterus. There are a few spaces con- 
taining large epithelial cells, but the section shows for the most 
part bands of cells with spindle and rod-shaped nuclei. (x 525.) 


Figure XIII. 


The upper half of the section is part of a large abdominal - 


tumour infiltrating the pancreas, liver and stomach. The alveoli 
of the pancreas are forced into parallel lines apparently by 
pressure against tha wall of the stomach. The outlines of the 
lobules are lost, but the deeply stained epithelial cells are 
easily identified. ‘The stomach occupies the lower part of the 
section. Its walls are infiltrated with cells of the tumour which 
are penetrating between the tubular glands the bases of which 
appear at T.G. There is an adhesion between the stomach and 
pancreas a little beyond the left edge of this figure. (x 120.) 


Figure XIV. 
A metastatic nodule on the surface of the pleura secondary to 
a very large alveolar carcinoma of the axillary mammary 
glands. The free surface (top and bottom) is partially bounded 
by a line of elongated nuclei. The nuclei of the epithelial cells 
show many indications of great activity with few signs of 
alveolar arrangement. (x 400.) 


FIGuRE XV. 
Part of a pancreatic lymphatic gland secondary to a_ carcinoma 
arising from the hair follicles at the point of inoculation. As 
in the former figure an extreme degree of dedifferentiation has 
taken place in the epithelial cells. Similar areas also occur in 
the liver. (x 525.) 


Figure XVI. 
The section passes through the stomach ST, liver L and 
intestine I, the tumour T and RC being adherent to them all. 
It consists of the main mass T, the structure of which is shown 
in the next figure, and a round cell mass RC which is adherent 
to and invades the smaller curvature of the stomach. (x 6.) 


Figure XVII. 
A section of the lymphatic gland adjoining the lesser curvature 
of the stomach in Figure XVI. In it are found areas of 
pancreatic epithelial cells P and epithelial acini derived from 
the ducts D. The greater part of the gland consists of dense 
masses of small round cells similar to those found in RC in 
the former figure and more lightly stained areas of fibroid 
tissue. The round cell infiltration of the wall of the stomach 
is seen on the right. (x 80.) 


Figure XVIII. 
A sheet of dedifferentiated epithelial cells in the tail of the 
pancreas which may be traced back to the normal lebules of 
the organ. Multinucleated cells are seen as at and very 
fine lines may be followed obliquely upwards and to the right 
indicating the boundaries of the parent lobules. (x 400.) 


Figure XIX. 
Adeno-carcinoma of large intestine. The colon C occupies the 
upper portion of the section and is surrounded on three sides 
by the tumour A. The mucous membrane in its interior covers 
the ruge. The muscular coat is best seen on the left and is 
split into two layers between which the tumour lies. The 
alveolar nature of the tumour is well shown, but the nuclei 
cannot be seen without the aid of a lens. (x 20.) 


FIGURE XX. 
On the left hand upper side there is a portion of the trachea T 
and the esophagus O lies on its right. A portion of the tumour 
A and the remains of the thyreoid occupy the remainder of the 
figure. The capsule is composed largely of compressed thyreoid 
tissue and a large space near the centre of the tumour is half 
full of blood. (x 50.) 


Figure XXI. 
The sides and middle of the figure are occupied by portions 
of the cystic vesicles V composing the greater part of the 
tumour. These are lined with epithelium which is thrown into 
papillary processes and cystic dilatations. The dark staining is 
partly the epithelial nuclei, but to a greater extent the nuclei of 
the lymphocytes which infiltrate all parts of the section. (x 80.) 


Figure XXII. 


‘The relations of this tumour have been reversed in_ the 


photographing—S spleen, ST cardia of stomach, LL liver, 

T main mass of tumour, the greatly thickened muscular wall 

of the stomach with the cavity as a slit appearing above and 
to the right of T. (x 6.) 


Figure XXIII. 
Details of Figure XXII. All parts of the section consist of 
areas of atypical alveoli derived from the tubular glands, 
surrounded by a fibroid stroma which is infiltrated in varying 
degrees by lines and masses of lymphocytes. (x 80.) 


FIGURE XXIV. 
The stratified epithelium near the margo plicatus is in a warty 
condition. This section passes through three of the more central 
areas C which are separated from each other and bounded on 
the deep surface by the elongate epithelial cells with hyper- 
chromatic nuclei. Similar cells in adjacent fields lie in the 
submucous tissue detached parent epithelial layers. 
x 


FIGURE XXV. 
Hypertrophic papillary cystic adenoma of pylorus. This section 
passes through the pylorus, the lumen of which is open from 
the stomach ST on the right to the duodenum D on the left. 
The constriction in the outline of the walls is caused by the 
sphincter. The mucous coat is enormously thickened and 
exhibits many large and small cystic spaces. The epithelium 
is thrown into corresponding papille. The liver appears at 
the top and the pancreas at the bottom of the section. (x 16.) 


Figure XXVI. 
This specimen shows the adhesion between the liver L and the 
wall of the duodenum at the base of an adenoma of Brunner’s 
glands AA. The adhesion is well organized and has a slight 
infiltration with round cells, best seen near the liver. It 
contains small blood vessels with well defined walls VV. The 
pancreas appears at the extreme left. (x 80.) 


FigurE XXVII. 
A detailed picture taken from one of the papillary growths at 
the pylorus. The black area in the centre of the lower border 
is a dense mass of lymphocytes which lies in the submucous 
tissue. A papillary cystic condition of the epithelium is seen 
in the remainder of the section with dense lines of lymphocytes 
connected with the main mass by a less dense infiltration. 

Most of the epithelial nuclei are hyperchromatic. (x 100.) 
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has been made for microorganisms. The results 
have been uniformly negative. 


Discussion. 


In each of these three mice the tuberculoma is 
associated with nearly all the lesions enumerated 
under the lymphoid syndrome. Throughout the 
inoculated mice such lymphoid lesions are almost 
invariably lymphocytic in character, so that the 
following notes are of general application unless 
otherwise stated. 


The Lymphocytic Reaction. 


A special characteristic in the defence against the 
tubercle bacillus in the mammalia is a persistent 
lymphocytosis. As more than half of the white 
corpuscles of the mouse are lymphocytes, this 
reaction is very evident. It is found also as part 
of the defensive mechanism against transplanted 
cancers. Mice depleted of their lymphocytes exhibit 
a lowered resistance to tuberculosis and cancer 
grafts and on the contrary a condition of hyper- 
resistance to both these agents may be brought 
about by artificially increasing the lymphocyte 
count.) Several observers have found that lympho- 
cytes are absent or occur in very small numbers in 
the normal connective tissue of the mouse.) 

In the inoculated mice the lymphocytes are found 
in three chief situations: (a) near the point of 
inoculation and thence along the lymph paths 
towards the inlet to the thorax, (b) in the medi- 
astinum, especially near the bifurcation of the 
trachea, (c) in the fatty tissue about the splenic 
vein and pancreas from which they may extend to 
become continuous with a similar infiltration in an 
adjacent organ. Only the medium or intense grade 
is reckoned as a lymphoid symptom. 


The Lymphatic Glands. 


Small oval collections of lymphoid cells, usually 
about one millimetre in the long diameter, are very 
frequently found in the inoculated and less often 
in the control animals. They consist chiefly of 
lymphocytes, no trabecule are visible and the 
amount of blood varies. Large collections, from 
three to four and a half millimetres, are also pre- 
dominantly lymphocytic and are found chiefly in 
the axilla, thorax and_ gastro-splenic region 
(Figures I, II, III, VII). On the similarity of the 
microscopic appearances I have made these merge 
into a lymphoma or lympho-sarcoma when they 
reach a diameter of four and a half millimetres. 
This is an arbitrary limit corresponding to the size 
of a large hen egg in the case of a man. 


The Spleen. 


No attempt has been made to classify the spleens 
except by their size. When enlarged the normal 
features are partially or completely effaced by the 
accumulation of small cells; sections of trabecule 
are sometimes seen, but Malpighian bodies can 
rarely be recognized. Red blood cells often form 
accumulations easily recognized under the low 
power, but without any definite border. Acid-fast 


bacilli have been found in six spleens, usually in 
endothelioid areas. 


The Bone Marrow. 


The root of the neck and adjoining portions of 
the thorax have been decalcified in all the mice, 
so that the bones examined include the complete 
thoracic girdle. In some cases the pelvis and femur 
have also been examined. The lymphoid lesion 
consists of the replacement of the normal cells and 
fat by masses of small cells, usually lymphocytes; 
the giant cells have disappeared and the blood 
spaces are converted into round or oval channels 
surrounded by the lymphoid cells. The change is 
often found in two or three of the bones, but 
occasionally in a small area of a single bone. Very 
frequently small cell infiltration of the insertion 
of a muscle or an enlarged lymphatic gland is found 
in close proximity to the affected marrow. In some 
instances the small lymphocytes are so closely set 
together that the nuclei appear to be in contact, 
forming continuous lines which follow the irregular 
outline of the bone cavity in which they lie. No 
blood spaces can be found in such areas. 


Infiltration of the Stomach and Pancreas. 


Lymphocytic infiltration of the stomach and 
pancreas is very common amongst the inoculated 
mice and is a prominent feature in the three exhibit- 
ing tuberculomata. The two organs are associated 
perhaps on account of their anatomical relations. 
The pancreas almost completely surrounds the 
pylorus and the point of close contact is the place 
where lines of cells most frequently enter the 
sphincter. In such cases there is usually an 
enlarged lymph gland in some part of the pancreas 
(see Figure III). There is also a gland resting 
against the gastric end of the pyloric canal and 
close to the under surface of the liver which is 
another focus of infiltration of the walls of the 
stomach. The third common site is the margo 
plicatus, the ridge marking the junction of the 
stratified epithelium of the cardiac with the tubular 
epithelium of the gastric portion of the stomach. 
The relation of these centres of infiltration to 
changes in the epithelium will be noticed later. 


The Liver. 


Lymphoid infiltration of the liver is one of the 
less common lesions of the lymphoid syndrome. The 
cells are almost exclusively small lymphocytes, but 
the nucleus has often lost its uniform appearance 
and exhibits details suggestive of active prolifera- 
tion. The terms used are applied to the various 
stages in the following way: 

1. “Slight” or “early” in which lymphocytes are 
easily found, but do not form a prominent feature 
in the section. This early stage is not included in 
the list of syndrome lesions. 

2. “Medium,” a more advanced stage in which the 
interlobular collections have become larger and 
often join together. The infiltration extends along 
the capillaries in all directions, its outer boundary 
being ill defined. 
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3. “Intense” and “massive” are applied to the 
most advanced stages in which the columns of the 
hepatic cells become broken up. In the former the 
capillaries, especially those of the lobules near the 
capsule, become distended with lymphocytes, appar- 
ently proliferating in situ, with disappearance of 
the columns and many indications of disintegrated 
cells and nuclei (see Figure V). 


In the second type massive collections of lympho- 
cytes occupy the interlobular zones with complete 
disappearance of the hepatic structures (see Figure 
IV). The boundaries of these dense collections 
appear well defined, but under the high power 
lymphocytes may be traced in the capillaries in all 
directions. The intense type may be associated with 
widespread fatty accumulation in the hepatic cells. 


The Blood Picture. 


Florence M. Hill, of Adelaide, states that the 
normal blood count in her white mice (nearly the 
same strain as those used in these experiments) is 
10,000,000 red and from 9,000 to 13,000 white cells 
per cubic millimetre.“) Taking 11,000 as the aver- 
age the proportion is about one white to 900 red 
cells. On this basis the high power field of the 
microscope used in these determinations should 
contain between six and seven white corpuscles in 
the thinnest sections. This is found to be the 
average number for a very large proportion of the 
counts, but in order to meet possible variations in 
the distribution of the white cells after death, I 
have adopted an average of twenty per field as the 
lower limit for the diagnosis of leuchemic blood as 
a syndrome lesion. The counts have been made in 
at least two regions of the body and in sections of 
vessels in which the nuclei are fairly evenly dis- 
tributed. The cells have been enumerated simply as 
lymphocytes and polymorphonuclear cells, the 
normal proportions in the mouse being taken as 
60% and 40% respectively. 


Areas of Hzemorrhage. 


In the inoculated mice the areas of hemorrhage 
are found rather more frequently than the 
leuchemic blood picture. They occur in the sub- 
cutaneous and intermuscular tissues and in the 
pleural and abdominal cavities as well as in the 
substance of the liver and other organs. Perhaps 
the most frequent site is near the deep surface of 
the capsule of enlarged salivary glands. 


Other Organs. 


Lymphoid infiltration of the lungs and kidneys 
has not been included in the lymphoid syndrome. 
In the lungs a peribronchial infiltration is not 
infrequent, but it is often surrounded by areas of 
broncho-pneumonia which may obscure its nature. 
For this reason it was not practicable to standardize 
these lesions. The kidneys have not been examined 
in all the niice and hence they also have been 
omitted from the syndrome. 

A note may be added dealing with conditions 
which also apply to all the inoculated mice. The 
, Preliminary cauterization of thirty mice had per- 


haps a slight influence in localizing the lesions. In 
five of these they arose near the point of inocula- 
tion which was the cauterized area (carcinoma in 
two, sarcoma in two, lymphoma in one). In the 
sixty-six mice not cauterized, the lesion was local in 
seven (tuberculoma in two, carcinoma in three, 
lymphoma in two). 

Repeating the inoculation at intervals of a fort- 
night near the same spot had no apparent influence 
on the number or character of the lesions. 

After inoculation in the lip the lesions in the neck 
were more evident than after inoculation in the 
back of the thorax. They are dealt with in detail in 
the following section. 

Acid-fast bacilli have been found in ten of the 
inoculated mice (tuberculoma in three, carcinoma 
in two, sarcoma in two, adenoma in one, leuchemia 
in two). The search has been directed to the endo- 
thelioid areas in the spleen and lymph glands, but 
on the whole it appears that the bacilli are not 
easy to find, especially if the mouse has survived 
for five or six months. Hardening the tissues in 
formalin may account in part for the difficulty, but 
a series of thirty spleens treated by recognized 
methods for the removal of formalin, was examined 
without finding bacilli in a single case. 


THE CONTROL MICE. 


The control mice comprise thirty-one males and 
one hundred and twenty females. The preponder- 
ance of females is due to the fact that I was supply- 
ing mice to other laboratories for routine use and 
selected the males for that purpose. 


The Boiled Milk Group. 


The boiled milk group includes twenty males and 
eighty females. It consists of the first hundred mice 
which have died of natural causes at ages of six 
months and upwards in a laboratory stock of over 
four hundred. This method of selection has had the 
effect of reducing the average age at death because 
some of the contemporaries of those inoculated are 
still living at the age of nearly three years. 


There are six tumours which may be briefly 
described as follows: An epithelioma of the skin, 
largely converted into layers of horny material and 
showing little activity and no metastases. An 
alveolar carcinoma of the mamma with metastases 
in the local and mediastinal lymphatic glands and 
in one lobe of the thyreoid; four syndrome lesions 
are present: large spleen, lymphoid marrow, large 
glands and infiltration of areolar tissue. 

A lymphoid tumour 4-5 millimetres in diameter 
in the gastro-splenic region is found in a mouse 
affected with pseudo-tuberculosis and the six syn- 
drome lesions include leuchemic blood. The 
polymorphonuclear cells average 60% throughout 
the lesions. 

Two mice had lymphoid tumours in the neck 
associated with large lymphatic glands and infiltra- 
tion of the areolar tissue. One of these also 
exhibited pseudo-tuberculosis and six syndrome 
lesions. 
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‘The last tumour, a small adenoma of the thyreoid, 
occurred ina mouse affected with pseudo-tuber- 
culosis associated. with six syndrome lesions. 


Pseudo-Tuberculosis Murium. 

Pseudo-tuberculosis murium was first described 
in 1894, the name being given to the nodules in the 
lungs which to the naked eye resemble miliary 
tubercles. Subsequent observations have indicated 
the existence of a group of organisms which vary 
somewhat in their staining reactions and pathogenic 
action. In my mice the bacillus agrees with 
Kutscher’s original organism in being found in the 
muscle of the heart and in not being pathogenic 
for guinea pigs, but it differs in forming lesions in 
and near the liver. It provokes a polymorphic 
reaction. The lesions are found in the lungs, pleura, 
myocardium, intercostal muscles and subcutaneous 
tissue, in the liver, peripancreatic fat and walls of 
the stomach. In these lesions the percentage of 
polymorphonuclear cells ranges from 40 to 90. 
When they are over 60% the lesion is classified as 
myelogenous. | 

In the boiled milk controls the lymphoid syn- 
drome is represented by 142 lesions; of these 


seventy-four are found in thirteen mice of which 


seven have pseudo-tuberculosis and three septic con- 
ditions. Two questions have now to be considered : 
Are the lymphoid lesions purely inflammatory in 
character? Are they dependent upon the associated 
infective disease? 

J. B. Simonds“® examined 316 mice of the 
Sprague stock which had been selected from 15,000 
dying from natural causes on account of the pre- 
sence of large spleens and glands. He classified the 
lymphoid lesions as follows: 


Pseudo-leuchemia .. .. .. .. 111 
Lymphoid hyperplasia .. .. .. 68 
Lympho-sarcoma .. .. .. .. 51 
Lymphoma 
Mesenteric gland disease .. .. 5 
Hodgkin’s disease .. .. .. .. 4 


Of the leuchemias thirty-nine were myelogenous 
and twenty-eight lymphatic. He separates myelo- 
genous leuchemia from a polymorphic leucocytosis 
in the following way. In myelogenous leuchemia 
there are (a) myelocytes and young polymorpho- 
nuclear leucocytes recognizable by the ring-shaped 
nuclei, (b) cells of the same type predominate in 
the spleen, lymphatic glands and in the infiltration 
of organs and tissues, (c) several groups of glands 
are enlarged. 

In an inflammatory leucocytosis (a) a focus of 
acute infection with a local hyperemia, fibrinous 
exudate or liquefaction necrosis exists, (b) the 
blood in the vessels near the focus is very rich in 
the more mature type of polymorphonuclear cells, 
(c) infiltration of the viscera involves only the 
organ containing the focus and (d) only the local 
glands are enlarged and not those in distant parts 
of the body. Large spleen and large lymphatic 


glands in addition to the characteristic increase of 
polymorphonuclear cells in the blood and spleen 
may be common to both conditions. 


In chronic infective processes he remarks that 
enlargement of the lymphatic glands in distant 
parts of the body is not infrequently found and that 
the liver, lungs and kidneys often also reveal a 
slight or moderate amount of infiltration. Simonds 
does not mention the lesions in the bone marrow in 
his paper. 

My boiled milk control mice affected with pseudo- 
tuberculosis have the lesions in the following order: 


Areolar tissue .. 9 Marrow 5 
Stomach .. .. 8 Spleen .. 5 
Blood picture .. 7 Liver a. 
Large glands .. 6 Hemorrhage .. 2 


Those in the early stages have on the average less 
than half as many lymphoid lesions as those with 
evidence of the more chronic form of this disease. 
The enlarged glands are foci from which the infil-. 
tration of the adjoining areolar tissue and some- 
times that of the stomach can be traced. The very 
large glands merge into the lymphoid tumours with- 
out any change of structure. The larger the gland, 
the greater on the average is the number of 
lymphoid lesions. Myeloid marrow is usually associ- 
ated with four or five other members of the syndrome 
and from observations on domestic animals it is 
believed to be a comparatively late symptom. 5) 
In three mice with septic lesions the same associa- 
tion of lymphoid Jesions is found and the infective 
focus is surrounded by a zone of polymorphie 
infiltration. 

In these control mice the lymphoid lesions are 
thus closely related to a centre of infection and a 
polymorphic type of infiltration (Figure VI) and 
the general type of these lesions is more distinctly 
myelogenous than in the case of the inoculated mice. 
There are other details with regard to the micro- 
scopic appearances of the enlarged glands and the 
marrow which distinguish them from the uniform 
areas of small lymphocytes found in most of the 
inoculated mice. The condition in the capillaries 
of the liver which surround the pseudo-tuberculous 
nodules, appears to be a leucocytosis and the 
enlarged glands, infiltration of the pancreas and of 
the walls of the stomach and the large spleen may 
be part of the same infective process. But as the 
number of the syndrome lesions increases, as 
distant groups of lymphatic glands are found to be 
affeeted and in particular as lymphoid marrow 


‘appears, the case seems to become leuchemic in 


character. That thirteen mice should present mani- 
fest foci of irritation and at the same time more 
lymphoid lesions than the remaining eighty-seven, 
suggests that this association is not a casual one. 


The Raw Milk Group. 


The fifty-one mice of the raw milk group comprise 
eleven males and forty females. The group may be 
divided into two sections by the sequence of the 
deaths. The lesions arranged in this way are set 
out in Table II. 
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TABLE II. 
Raw Milk Mice. 
Mice. 
First 25. Subsequent 26. 
Epithelial tumours 1 2 
Sarcoma .. 0 1 
Leucosarcoma 4 4 
ma 
6 0 
Pseudoleuc 2 0 
Syndrome lesions 112 74 


It will be seen that those which died earliest, are 
much more heavily affected with mesoblastic 
tumours as well as with the syndrome lesions 
including lymphatic leuchemia. 

The description of the lesions given under the 
heading of tuberculomata applies in most respects 
to this group, the chief difference being that the 
polymorphic element becomes more prominent in 
the later numbers. Thus in the first eighteen one 
lesion is myelogenous in every sixteen, in the 
remaining thirty-three the proportion increases to 
one in seven. The lesions will be described as they 
are found in the neck, mediastinum and gastro- 
splenic regions. 

In the neck the characteristic features are the 
large Iymphatic glands which become classified as 
lymphoid tumours at the specified size, the very 
large and infiltrated salivary glands and the general 
small cell infiltration of the subcutaneous and inter- 
muscular tissues. These tumours have nearly 
always well defined capsules and in the enlargement 
of adjacent lymph glands the blending may lead to 
the disappearance of parts of the capsules or they 
may persist and form trabecule dividing the tumour 
into lobes (see Figure VIII). 

This process often produces a collar of lymphoid 
tissue superficial to the salivary glands. The cells 
of these tumours are usually small lymphocytes, 
but in several of the large encapsuled tumours their 
arrangement is less dense. The nuclei are stained 
uniformly with hematoxylin and are spaced at very 
regular intervals throughout the fields, giving the 
picture of lymphoma rather than lympho-sarcoma. 
The smaller glands belonging to the deep cervical 
chain are often arranged symmetrically in the neck 
and those of the scapular and axillary regions may 
or may not be enlarged. They are related in this 
respect rather to the cellular infiltration than to the 
size of the superficial cervical tumours. 

The enlargement of the salivary glands with or 
without infiltration with small round cells is 
specially prominent in the first eighteen mice. 
Before hardening these glands contain much fluid 
‘and in some of them the epithelium of the large 
‘and small ducts is very prominent and apparently 
undergoing active proliferation. 

The infiltration of the subcutaneous and inter- 
muscular tissues consists in most cases of small 
lymphocytes, but the polymorphonuclear leucocytes 
become increasingly prominent in the structures of 
the neck when they are found in large numbers in 


the marrow or in a tumour of another region. Of 
the fifty-one mice large glands are found in thirty- 
three, medium or small in all the others except 
two. The areolar tissues of the neck, thorax or 
gastro-splenic region are infiltrated in twenty-five. 

In the mediastinum there are no tumours and 
enlarged glands are not very common, being found 
in fifteen mice. Infiltration of the areolar tissue 
and of the trachea and bronchi is also rare. But 
on the other hand lymphoid marrow is very com- 
mon, being found in thirty-six mice. The predomin- 
ant type is lymphatic, as polymorphic cells 
constitute 40% in twenty-three of the mice and 60% 
in only four; in many cases the lymphocytes form 
closely packed masses of cells, blood spaces being 
inconspicuous. 

In the abdomen the size of the spleen is the most 
prominent feature, especially in the first eighteen 
mice. It is classified as large in twenty-two of the 
whole group, of which fourteen belong to the first 
eighteen. In six of these the spleen, salivary glands, 
the tumour in the neck and the leuchemic blood 
picture are found together. This blood picture is 
characteristic of the group, being found in twenty- 
one mice. 

Infiltration of the pancreas and walls of the 
stomach is even more common. It occurs in thirty- 
one mice and is associated with enlargement of the 
usual pancreatic glands. The infiltration of the 
walls is found with proliferative changes in the 
gastric epithelium leading to an adenoma of the 
pylorus in one instance and to an early carcinoma 
of the body of the stomach in another. 


The liver is much less frequently involved than 
the stomach. Both types of infiltration, capillary 
and interlobular, are found, but in this group the 
massive interlobular form is more common than the 
dense capillary infiltration to be described in the 
next section. 

To summarize these observations, the raw milk 
controls display a higher incidence of lymphoid 
lesions in the spleen, blood picture, marrow and 
stomach than the inoculated mice. The two groups 
are about equal in regard to the liver and enlarged 
glands. The incidence of tumours, of hemorrhage 
and of lymphoid infiltration of the areolar tissues 
is much higher in the inoculated mice. The great 
preponderance of females in this group must be 
borne in mind in estimating the significance of the 
relative incidence of the lesions. The details of the 
tumours appear under the heading mesoblastic 
tumours. 


Discussion. 

In this survey of the raw milk controls attention 
may be called to the peculiar history of the first 
eighteen of which eleven present the same syndrome 
of pathological changes. Two cages containing nine 
mice furnished eight of the eleven so affected. The 
presumption is that the cause of death is connected 
with these two cages and that the changes in the 
neck indicate the avenue of infection. In order to 
obtain evidence bearing on this point twenty young 
boiled milk mice were inoculated with 25,000 
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FIGurRE IV. 
Massive Infiltration of Liver. 


Ficure I. 
Lymphatic Gland in Shoulder. 
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Figure Il. 
Lymphatic Gland in Lactating Mamma. 


FIGURE V. 
Intense Lymphocytosis of Liver. 


Figure III. 
Lymphatic Gland in Pancreas. 
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Ficure VI. 
Polymorphic and Mixed Cells. 


Figure VIII. 
Neck After Inoculation in Lip. 


FicurE VIA. 
Polymorphic and Mixed Cells from the Pleura of Same Mouse. 


Figure VII. 
Distribution of Lymphoid Lesions. 
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Figure XI. 
Metastases in Wall of Thorax. 


Figure IX. 
Neck From Raw Milk Mouse. 


FIGURE X. FicurE XII. 
Lympho-Sarcoma, Myosarcoma of Uterus. 
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Figure XIII. 
Lymphocytoma. 


FIGuRE XIV. 
Secondary Carcinoma (Mamma). 


Figure XVI. 
Relations of Pancreatic Tumour. 


FIGURE XV. Figure XVII. 
Secondary Carcinoma (Skin). Metastases in Lymphatic Gland. 
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FIGURE XXT. 
Adenoma of Prostate. 


Figure XVIII. 
Carcinoma of Pancreas. 


FIGuRE XIX. Figure XXII. 


Annular Carcinoma of Colon. Carcinoma of Stomach. 


FIGURE XX. FIGuRE XXIII. 
Adenoma of Thyreoid. Carcinoma of Stomach. 
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FIGURE XXV. 
Papillary Cystic Adenoma. 


FicurE XXIV. 
Early Epithelioma of Stomach. 


FicurE XXVI. FicgurE XXVII. 
Adenoma with Adhesions to Liver. The Cushion of Lymphocytes. 
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tubercle bacilli in the lip. The similarity of the 
appearances in the neck may be compared in 
Figures VIII and IX and the general distribution 
of lymphoid lesions in these two groups is as 
follows: 

Raw milk controls: Glands 12, areolar tissue 10, 
marrow 12, liver 9. 

Boiled milk inoculated: Glands 14, areolar tissue 
10, marrow 138, liver 7. 

Raw milk controls: Stomach 12, spleen 14, blood 
picture 9, hemorrhage 1. 

Boiled milk inoculated: Stomach 7, spleen 7, 
blood picture 4, hemorrhage 4. 

The raw milk controls have eight neoplasms, all 
mesoblastic; the boiled milk inoculated have eleven 
of which eight are epithelial, chiefly affecting the 
pylorus. The conditions in the neck are fairly com- 
parable, but the contrast in the type of tumour calls 
for a special notice. 

These two subgroups include all the mice with 
the characteristic combination of very large necks 
and enlarged spleens except two others among the 
raw milk controls. Hence the infection does not 
appear to be due to carriers, for it has not continued 
to operate and no sporadic case has occurred among 
the boiled milk control mice. 

A high incidence of large glands and infiltrated 
tissues in the neck casts suspicion on the food 
supply as the source of infection, as for example, 
tuberculosis in children and in the domestic animals. 
It was noted earlier that mice may be infected by 
tubercle bacilli by feeding under both spontaneous 
and experimental conditions and it was the sus- 
picion that the raw milk ration might have con- 
tained tubercle bacilli which led me to carry out 
this supplementary experiment. 

A similar condition seems to have appeared spon- 
taneously in laboratory mice. Wells in treating of 


tumours of the thyreoid remarks that “many lymph 


nodes in the neck often become greatly enlarged 
with very large salivary glands and there is spleno- 
megaly with secondary cellular invasion of the liver, 
seen quite frequently in mice but of unknown 
character.”"® Haaland and others have noted that 
lymphoma may affect two or more of the inmates of 
one cage, 7) 

Enlarged lymphatic glands are most common in 
old mice and lice and acari also become obtrusive in 
old age. Such parasites may be the means of spread- 
ing any infective agent through a mouse community 
and thus assist in producing the large glands. 

The possibility of some deficiency in the diet 
must not be overlooked as a factor which may pre- 
dispose to lymphoid conditions. This has been noted 
as a probability in outbreaks of anemia and 
leuchemia in horses and cattle in Germany.“*) 
However varied the laboratory ration of the mouse, 
it is certainly much more concentrated than that 
on which the species has been evolved. 


Summary of the Control Mice. 


The raw milk group presents an abnormal number 
_of lymphoid lesions, of leuchemia and _ leucho- 
sarcoma. These conditions have almost completely 


disappeared from the stock in the course of two 
years’ breeding. The only changes introduced are 
those calculated to maintain the normal health of 
the mice and to preserve them from agents likely 
to act as chronic irritants. 

The morbid conditions found in the boiled milk 
group are nearly all associated with either pseudo- 
tuberculosis or sepsis. The great preponderance of 
females in both groups of control mice probably 
makes the low incidence of tumours of epithelial 
origin of special significance, for it is found that 
spontaneous cancer in mice is nearly always 
mammary in origin. 


LEUCHZMIA AND THE LYMPHOID SYNDROME. 


The inoculated mice may be classified by their 
tumours into four groups—tuberculoma 3, meso- 
blastic 21, carcinoma 21 and adenoma 19—so that 
there is a group of 32 which have no tumour and 
in which, as the lymphoid lesions are the most 
tangible changes, the nature of these conditions 
and the relation they bear to the lymphocytosis 
just described will now be discussed. Similar 
lesions appear in the tumour mice with greater 
intensity, especially in the mesoblastic group, and 
their relationship to malignancy is one of the ques- 
tions arising from these experiments. 

These thirty-two mice stand somewhat apart from 
the others in three respects; there are no tumours; 
two-thirds of the mice are males instead of the pro 
rata equality of the sexes; 50% of the group sur- 
vived for more than eleven months as against 28% 
of the other sixty-four mice. Eleven of them pre- 
sent four or more lymphoid lesions and of these 
four have five and two have six. The criteria used 
in separating leuchemia from inflammatory 
reactions are those adopted in the preceding section. 


The following four mice are selected as examples 
of lymphatic pseudo-leuchemia. 

1. This mouse has three sets of enlarged glands, 
two in the axillz which are connected with lympho- 
cytic infiltration of the skin and intermuscular 
tissues and an area of hemorrhage, and the other 
in the gastro-splenic region. The latter is associ- 
ated with large spleen, lymphocytic infiltration of 
the pancreas, liver and walls of the stomach. There 
are acid-fast bacilli in the spleen and hypertrophic 
glandular epithelium in the stomach at the junction 
of the cardiac area. The liver shows intense capil- 
lary and early interlobular infiltration, the former 
best marked in the lobules close to the capsule, the 
latter associated in places with large bile ducts 
with very prominent epithelium. 

2. Large lymphatic glands at the bifurcation of 
the trachea, in the axilla and gastro-splenic region 
are associated with lymphocytic infiltration of the 
areolar tissue. The thoracic lesions include also 
areas of hemorrhage and lymphoid marrow in the 
vertebre and the shaft of the humerus. The large 
spleen, infiltrated muscular coat of the stomach and 
intense capillary infiltration of the liver are of the 
same type as in the former mouse, but in addition 
in this liver there are large mononuclear cells con- 
taining granular pigment and many areas of 
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extravasated blood usually less than 0-5 millimetre 
in diameter. 

3. Enlarged glands are found in the shoulders, 
axille, thorax and pancreas with typical lympho- 
cytic infiltration of the adjoining areolar tissues. 
There are lymphoid nodules in the mediastinal fat, 
infiltration of the parietal pleura and of the large 
salivary glands in the neck. The large spleen is 
associated with large lymphatic glands in the pan- 
creas, with lymphocytic infiltration of that organ 
which is continuous with an adhesion to the pylorus, 
and infiltration of the adjoining coats of the 
stomach and colon. Brunner’s glands and those of 
the pyloric canal are in parts dilated, cystic and 
tortuous with hyperchromatic nuclei. The liver has 
intense capillary lymphocytic infiltration with fatty 
accumulation in many of the remaining hepatic 
cells. 

4. There are large glands in shoulders, axille, 
mediastinum and pancreas; these are all of the same 
microscopic type, consisting of areas of large and 
small lymphocytes with large blood spaces and 
wide lymph spaces, so that under the low power 
the section has a lobulated appearance. From these 
glands lymphocytic infiltration extends into areolar 
and intermuscular tissue and the cells form small 
masses in the mediastinum where a considerable 
area of hemorrhage lies against the wall of the 
thorax. In the neck the infiltration of the salivary 
glands and of large masses of brown fat is very 
prominent. The marrow is lymphoid in vertebre, 
scapule and ribs. The conditions in the pancreatic 
region are very similar, the infiltration extending 
into the walls of the stomach at the margo. The 
spleen is about three times its normal size. 

As examples of lymphatic leuchemia the following 
may be taken. 

5. The blood picture shows the nucleated cells 
to be at least 200 times as numerous as normal 
and 80% of them are lymphocytes. There are large 
glands at the root of the neck and in the pancreas. 
Infiltration from the former extends to adjoining 
salivary and cystic mammary glands, to the skin 
and intermuscular planes. From the pancreas the 
infiltration extends to the muscular coat of the 
stomach associated with large cystic gastric glands 
at the margo. The spleen is one of the largest in 
this series of mice, being 3-5 centimetres in length 
and weighing 2-8 grammes. It is estimated to be 
twenty-five times the normal weight. The liver has 
intense capillary infiltration best seen in the 
lobules lying beneath the capsule. The great 
majority of these cells are lymphocytes, rather 
larger than usual and exhibiting many details in 
the nuclei. There are also large mononuclear cells 
containing granules of pigment and the hepatic 
columns are often shrunken and pressed into 
irregular shapes between the distended capillaries. 


6. The principal lesions are in the gastro-splenic 
region where a mass four millimetres in length, 
consisting of small lymphocytes, forms a centre 
from which infiltration extends to the fat and 
capsules of the adjacent organs. Of these the mus- 
cular coat of the stomach shows extensive areas of 


infiltration and the liver intense capillary infiltra- 
tion very similar to that described in the preceding 
example. The blood in the liver and great vessels 
has about five times as many nucleated cells as 
normal. The spleen is also at least four times 
as large as normal. In the section passing through 
the inlet to the thorax there are enlarged glands in 
the shoulder, lymphocytic infiltration of the sub- 
cutaneous tissue and peribronchial infiltration of 
the lungs. 

These mice, having at least five of the syndrome 
lesions, cannot be regarded as suffering from inflam- 
matory leucocytosis, for the enlarged glands are 
found in the neck, thorax and gastro-splenic region 
and in each case lie in the centre of the infiltration 
of the adjoining organs and tissues. In addition 
the lymphoid marrow and the peculiar character 
of the infiltration of the liver are unlike any known 
septic process. 

As the number of lymphoid lesions diminishes to 
four and three per mouse the diagnosis becomes 
more difficult because the lesions are not grouped 
in any characteristic way. Thus, among the six 
mice with four lesions each they are found in the 
following order: areolar tissue in five, marrow, 
glands and stomach each in four, hemorrhage and 
spleen each in three and blood picture in one. 


The Unity of the Syndrome. 

The distribution of the same set of lesions in the 
whole of the inoculated mice is found to follow a 
similar rule. The total number of lesions is 357 
or an average of 3-7 per mouse and the following 
facts indicate that they are not distributed by 
chance, but stand in definite relation to a common 
cause. 

(i) The organs and tissues are involved in a 
corresponding order of frequency. 

In the inoculated mice and in the boiled milk 
controls the number of lesions of corresponding 
intensity stands in the proportion of 2:7 to 1, but 
the incidence in the organs and tissues is very 
similar in both groups. The glands, marrow and 


areolar tissue are ‘most frequently affected, the 


stomach is intermediate and the spleen, blood pic- 
ture and liver are less often involved. The relative 
frequency of these three groups is about 113,100 and 
66. As this order is very constant, it seems to 
indicate that in both control and inoculated mice 
the syndrome lesions are the response to some 
stimulus which has a fairly uniform action, whether 
it acts on the polymorphonuclear leucocytes or on 
the lymphocytes. 

(ii) When the syndrome lesions are distributed 
simply on the basis of the size of the glands, the 
average incidence in the affected mice is the same. 


In the following table Group A is the 96 inocu- 
lated mice, B the 100 boiled milk controls and C 
the 51 raw milk controls. 

In the boiled milk controls such glands are found 
only in mice with pseudo-tuberculosis or other infec- 
tive disease and these produce a polymorphic 
reaction. In the inoculated mice a much larger 
number is affected to the same extent. They pre- 


| 

\ 
| 

| 
| 
| 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| 

if | 
| 
| 
| 
| 
| 
| 
| 
| 
4 
| 

2 

: 

} 
| 

| 


Fesrvuary 9, 1929. 


THE MEDICAL JOURNAL OF AUSTRALIA. 


171 


TABLE IIL. 
Average Number of Lymphoid Lesions in relation to Size of Gland. 
Size of Gland. 


3 to 44 mm. Over 44 mm. 


A B Cc A B c A B Cc 


Number 

of mice ..| 25 10 16 44 17 21 18 3 12 
of lesions | 60 21 37/171 66 81 93 15 62 
Average 

permouse; 2:1] 8-8] 5-0] 5:16 


sent, however, a lymphocytic reaction, yet the aver- 
age number of lesions associated with a gland of 
given size is the same. The raw milk controls 
exhibit the same relation of the average number 
of lesions to the size of the affected glands, although 
the reaction is partly lymphocytic and partly poly- 
morphic. It is therefore probable that the glands 
and the other syndrome lesions form an organic 
whole, such tissues in these mice reacting to some 
general stimulus. 

In human and comparative pathology the theories 
of leuchemia fall under three heads: (i) That it is 
a specific infective disease. The experimental sup- 
port of this is mainly the transmission of fowl 
leuchemia by means of cell-free filtrates. Recent 
work on Rous sarcoma, however, suggests that 
similar facts may be explained apart from the pre- 
sence of microorganisms. (ii) That it is neoplastic, 
being a sarcomatosis of the leucocytes. This theory 
is based chiefly on its clinical resemblance to malig- 
nant disease and it is supported by the results 
reported from the Sprague mouse stock. Miss Slye 
holds the opinion that in her mice the two conditions 
are very closely related.“15) Simonds concludes that 
the spleen and lymphatic glands react to the same 
stimulus, that pseudo-leuchemia, lympho-sarcoma 
and leuchemia are similar in their fundamental 
nature and that they are all probably neoplastic in 
character. (iii) The third theory that leuchemia 
has no single cause, but may be produced by a 
variety of chronic irritants has perhaps no positive 
experimental evidence in its support, but it has a 
mass of circumstantial evidence much of which 
points in the lymphatic form to the tubercle bacillus. 
Ewing concludes as follows: 


The conception of leuchemia as essentially neoplastic 
does not exclude the most complex etiology, nor a close 
dependence of the process upon irritants or parasites. 
The general facts of the disease rather strongly suggest 
the continued presence of an irritant of toxic or bacterial 
nature as the exciting cause of the hyperplasia. If any 
one known bacterial agent is chiefly concerned it is the 
tubercle bacillus.“ 


My results add to the strength of the suspicion 
which on other grounds and in other animals points 
to the tubercle bacillus as a cause of lymphatic 
leuchemia. They may be tabulated as under. 

Boiled Milk Controls. Inoculated Mice. 
1. Pseudo-tuberculosis pro- 1. Tuberculosis produces 


duces an acute leucocytosis a leucocytosis lymphocytic 
in character and seldom 
takes the form of a tuber- 
culoma. 


polymorphic in character. 


2. As acute cases become 
chronic various lymphoid 
lesions also make their 
appearance. 


3. The size of the lym- 
phatic glands is a measure 
of the number and character 
of these lesions. 


2. The lymphocytic reac- 
tion persists, lymphoid 
hyperplasias appear and the 
bacilli may be found in these 
lesions twelve months after 
inoculation. 

3. The size of the lym- 
phatic glands is a measure 
of the number and character 
of these lesions. 


4. In chronic cases the 4. This lymphocytic syn- 
lymphoid syndrome approxi- drome resembles that diag- 
mates to the conditions nosed as lymphatic leu- 
diagnosed as leuchemia and chemia and pseudo- 
pseudo-leuchemia in man leuchemia. Acute cases 
and the domestic animals. appear to affect the liver 

most profoundly. 

5. The lymphoid lesions 
vary from a simple hyper- 
plasia to a generalized con- 
dition comparable to a sar- 
comatosis of the lympho- 
cytes. 


Distribution of the Syndrome Lesions. 

In the inoculated mice the lesions are uniformly 
lymphocytic, the number giving a count of 60% 
polymorphonuclear leucocytes, being only 1:5% of 
the whole. 

In the raw milk inoculated group the average 
number of lesions is 4-0 per mouse and in the boiled 
milk inoculated it is 3-4. 

In the tumour groups the average number of 
lesions per mouse and the percentage of mice show- 
ing five or more lesions each is set out in Table IV. 


TABLE IV. 
{ 
| Number Proportion of Mice 
Group. | of Lesions with Five or 

| per Mouse. More Lesions. 

| 
Mesoblastic . . 4°5 43% 
Carcinoma .. 3-9 38% 
No tumour .. 2-85 22% 
Adenoma .. as 3-5 21% 


The corresponding figures for the control mice are 
set out in Table V. 


TABLE V. 
Number Proportion of Mice 
Group. | of Lesions | with Five or 
| per Mouse. | More Lesions. 
| | 
Raw milk controls 3-6 37°2% 
Boiled milk controls | 1-4 11:0% 


The selection of five lesions for the diagnosis of 
leuchemia is perhaps a more rigid standard than 
that usually used in clinical work where the blood 
picture, spleen and lymphatic glands may be the 
only positive signs. If four lesions are taken as 
the standard for the mice, the effect would be to 
increase the relative incidence in the boiled milk 
inoculated group as shown in Table I. But in all 
the groups the numbers are too small to warrant 
more than provisional conclusions. The evidence 
points to a stimulus lymphocytic in the inoculated 
mice and polymorphic in the boiled milk controls. 
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In the raw milk controls both types appear to have 
been involved. 


MESOBLASTIC TUMOURS. 


In the inoculated mice there are twenty-one 
tumours diagnosed as mesoblastic which fall in the 
following groups: (i) Six spindle or mixed cell 
tumours separated from the others by their histologi- 
cal structure, (ii) ten lympho-sarcomata, six of 
which form a homogeneous group arising near the 
bifurcation of the trachea and exhibiting a similar 
set of lesions in distant parts; the other four affect 
the mediastinum and wall of the thorax, but vary in 
other respects, (iii) five round cell tumours arising 
in the abdomen which resemble one another in 
several points, but are easily distinguished from 
the former group. 


Spindle or Mixed Cell Tumours. 


Three of the spindle or mixed cell tumours affect 
the superficial tissues. 

A spindle cell sarcoma, developing in the sub- 
cutaneous tissue at the point of inoculation, formed 
a tumour about six millimetres in diameter, infil- 
trated the surrounding tissues and muscles of the 
back and also the skin throughout an area three 
centimetres in diameter surrounding the tumour. 
There is also a large gland in the axilla consisting 
of mixed spindle and round cells. This mouse pre- 
sented six lymphoid lesions including leuchemic 
blood and a very large spleen, containing tubercle 
bacilli. 

The second tumour arose at the point of inocula- 
tion apparently in one of the _ post-scapular 
lymphatic glands forming a tumour one centimetre 
in diameter. It consists of round and spindle cells 
containing many large multinucleated cells and 
towards its centre there is a large area of hemor- 
rhage. An adjacent lymphatic gland is transformed 
into a mass in all respects identical with the pri- 
mary and the liver was enlarged extending to the 
margin of the pelvis and nearly half its entire mass 
consisted of tissue very similar in character to that 
of the primary growth. This mouse presented 
three lymphoid lesions including hemorrhage and 
blood picture. 

The third is a spindle and mixed cell sarcoma 
growing from the dorsum of the left hind foot and 
a nodule having the character of a myxo-sarcoma 
in the liver. 

Three tumours arose in the abdomen. The first 
is a spindle cell growth replacing the entire thick- 
ness of the walls of the stomach and projecting 
into the interior as an ulcerating mass. Adhering 
to the stomach, pancreas and liver is a mass of 
lymphoid cells five millimetres in length and in the 
liver there is intense capillary lymphocytic infiltra- 
tion and extensive accumulation ‘of fat in the 
hepatic cells. In the neck large salivary glands 
are bounded by a collar of coalescing lymphatic 
glands one centimetre in length, with extensive 
small cell infiltration of the superficial and deep 
structures. The marrow is lymphoid in the clavicle, 
sternum and scapula. 


The second is a tumour involving the right horu 
of the uterus and adherent to the liver and in- 
testines. The following types of tissue are found 
in the sections (see Figure XII). Areas of small 
plump spindle cells, often forming broad bands, 
widely diffused; round cells larger than lympho- 
cytes, their nuclei frequently showing mitotic 
figures; bands of cells with rod-shape nuclei 
resembling those of unstriped muscle; areas of large 
endothelioid cells; adhesions to the colon and 
stomach consist chiefly of round cell tissue which 
blends with the spindle cells of the tumour. The 
lymphoid lesions include an enormous spleen 4:75 
centimetres long, weighing 4-7 grammes, the total 
weight of the mouse being 25-5 grammes, intensé 
capillary infiltration of the liver especially near 
the capsule, where large areas show no sign of the 
normal structures, leuchemic blood, lymphoid 
marrow in the clavicles, extensive small cell infil- 
tration of subcutaneous and intermuscular tissues 
of the shoulders. 

The third is a round cell tumour occupying all 
parts of the abdomen, the weight of tumour being 
equal to that of the remainder of the mouse; it is 
attached to the liver, stomach and intestines and 
invades the former by extensions along Glisson’s 
capsule. The nuclei are nearly all round and vary 
very greatly in size, most of them are somewhat 
larger than those of lymphocytes. Fragments of 
nuclei and collections of blood pigment are easily 
found and in a very small necrotic area near the 
spleen there are great numbers of acid-fast bacilli. 

The activity of the cells of the stroma appears to 
be very great. Sometimes an alveolus clearly 
derived from the pancreas or the gastric glands is 
found in an isolated position and its separation 
from its normal surroundings may have been due 
to the growth of the stroma rather than to the drift 
of epithelial cells along a lymph path. 

Sarcoma in mice appears to form secondary 
growths in the liver and lymphatic glands with 
facility as is shown by a series of 87 spindle and 
mixed cel] sarcomata in the Sprague mice. Of these 
twenty-eight have secondary growths in the follow- 
ing order, thirteen in the lung, ten in the liver and 
five in lymphatic glands“® 


Lympho-Sarcomata. 


Six lympho- sarcoma mice closely resemble one 
another in the following respects: The tumour is 
found in the mediastinum at the bifurcation of the 
trachea: in size its diameter is usually five or six 
times that of the trachea. Assuming that they 
have arisen from the lymphatic glands, they have 
the following points in common: Obliteration of all 
traces of gland structure, the section presenting 
uniform areas of small round cells; traces of the 
capsule can rarely be seen; the structures of the 
trachea are completely infiltrated by the same type 
of cell and only the cartilage can be recognized. 
Irregular outgrowths of the tumours and round 
cell infiltration of the areolar tissue surrounding 
the great vessels vary in extent (see Figure X). 
They all invade the lungs by the peribronchial route 
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accompanied by great catarrhal exudation into the 
larger tubes and sometimes by extensive collapse 
of portions of the lung; otherwise the areas of 
broncho-pneumonia are small. The tumours and 
their extensions are more vascular than those 
usually met with in these mice and in one of them 
metastatic foci are present in the intercostal 
muscles and their vessels (see Figure XI). The 
associated lymphoid lesions include enlarged glands, 
infiltration of the areolar tissue, lymphoid marrow 
and large spleen. The liver in this type of growth 
seems to be exempt from lymphoid infiltration. 

The other four lympho-sarcoma mice also have 
extensive lesions in the thorax, but they differ 
somewhat from those just described. In two the 
apical portions of both lungs are completely re- 
placed by a solid mass of tumour. In one case it 
appears to have extended into the lung on a con- 
tinuous front, in the other the usual peribronchial 
invasion is well marked. In both there are con- 
necting bridges of similar tissue in relation with 
the sternum which may point to the original site 
of the growth as the thymus. One of these also 
presents an unusual extension of the mediastinal 
growth to the surface of the heart with many lines 
of cells penetrating between the fibres of the ven- 
tricle and in both lymphoid marrow in the ribs 
and many large glands in the axille fill in the 
details of very similar pictures. Both tumours 
also agree in the character of the blood vessels 
which have frequently the typical sarcoma arrange- 
ment of spaces bounded only by the tumour cells. 
The third mouse (see Figure VII) has a small 
mediastinal tumour, but this is associated with 
an extensive and uniform enlargement of the glands 
in the axille and shoulders arranged with remark- 
able symmetry and of widespread lymphoid marrow 
in the ribs and bones of the thoracic girdle. Further 
evidence of a generalized process is seen in lymphoid 
tumours in the neck and flank, massive infiltration 
of the liver and leuchemic blood. The last mouse 
has extensive lesions in the gastro-splenic region 
with adhesions to the stomach and liver, but the 
chief area of infiltration is the axille and walls 
of the thorax. The large lymphatic glands, intense 
infiltration of the subcutaneous and intermuscular 
planes, invasion and disappearance of muscle fibres 
and lymphoid marrow appear to be disproportion- 
ate to the widespread but comparatively sparse 
lymphocytic infiltration of the areolar tissue of 
the mediastinum. 


Lymphocytomata and Lymphomata. 

Three of the five remaining round cell growths 
which arise in the abdomen, show such evidence of 
active invasive power that the question of pseudo- 
leuchemia can scarcely arise. They spring from the 
vicinity of the spleen, presumably from one of the 
pancreatic glands, and are associated with very 
definite lesions in the liver and stomach. The first 
tumour forms a large mass between these two 
organs invading both by the advancing growth of the 
round cells in the edge of the tumour (see Figure 
XIII). The sequence of adhesion, infiltration and 


disappearance of the hepatic cells or muscular fibres 
may be followed in adjoining parts of the section. 
An intense capillary infiltration with equally in- 
tense fatty infiltration takes place in the liver. In 
the stomach lines and masses of cells are found 
between the circular muscle fibres and the round 
cell mass expands in the lumen of the pyloric 
canal with complete disappearance of the epithelium 
and mucous coat. Many fields in the liver con- 
tain particles of chromatin and fragmented nuclei. 
This was a young “boiled milk” mouse, inoculated 
at the age of four months and dying six months 
afterwards. The second growth is very similar, 
replacing a smaller area of the liver, but producing 
quite as large a fungating mass in the interior 
of the stomach. The interlobular infiltration is well 
developed in the liver near the edge of the invading 
cells. 


The third growth has a very striking lymphocytic 
infiltration of the skin of the abdomen, shoulders 
and neck, infiltration of the pancreas and stomach 
and the most massive interlobular infiltration of 
the liver met with in this series of 320, mice. There 
are also the enlarged glands and infiltration of 
the. tissues of the neck. As the blood is leuchemic 
in these three mice, the diagnosis of leuco-sarcoma 
is the more appropriate. The lesions in five of 
Simond’s mice were diagnosed as leuco-sarcoma; 
in two the primary growth was in the mesenteric 
glands. “The local growths showed the property 
of invasiveness to an extreme degree, breaking 
through the capsule and spreading widely in the 
surrounding tissues. The cells were of the lympho- 
cyte type and mitoses were numerous. In all of 
these mice the liver was markedly infiltrated with 
cells similar to those in the primary growth” (page 
346). 


The fourth growth is another lymphocytic tumour 
arising from the mesenteric glands; it appears to 
be very active judging from the wide variations in 
the size of the nuclei many of which are vesicular, 
with two or more nucleoli. In parts fragments of 
chromatin are abundant and the blood spaces 
amongst the cells have no endothelium. There are 
adhesions to the intestines which caused death with 
the typical signs of obstruction. The liver is very 


fatty with capillary and interlobular infiltration 


and the walls of the stomach are also infiltrated. 
At the inlet to the thorax large glands embrace 
the trachea near its bifurcation, smaller ones are 
found in the deep cervical chain and two large 
enough to be called lymphoid tumours occupy the 
axilla and the margin of the salivary glands. The 
fifth and last of the series is a large lymphoma 
growing from the retroperitoneal glands in the 
gastro-splenic region. It has a good capsule and 
trabeculae, the blood supply is in thick walled 
vessels and the cells are a mixture of lymphocytes 
and larger cells, the nuclei of which stain feebly 
but uniformly and present a monotonous aspect in 
many successive fields of the microscope. The 
pancreas is flattened and applied to the surface of 
the capsule, but there are no adhesions. 
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Tumours of the Control Mice. 

In the hundred boiled milk mice there are three 
enlarged glands coming under the definition of 
tumours. Two of them are associated with pseudo- 
tuberculpsis and six syndrome lesions. In the fifty- 

‘one raw milk controls there are twelve mesoblastic 
tumours, half of which are found in the subgroup 
of eighteen mice. These tumours agree with some 
of those just described in being enlarged glands 
lymphocytic in character, but they are not found in 
the thorax and those arising in the neck are remark- 

‘ able for their size. There does not appear to be 
anything peculiar in the small cell infiltration of 
the neck, salivary glands and gastro-splenic region 
and the estimate of the malignancy of this group 
depends upon the view taken in regard to the rela- 
tion of the widespread lymphoid changes to some 
primary focus such as these tumours or the 
lymphoid marrow. 

No instance of spindle or mixed cell sarcoma was 
found in the control mice, but the following case is 
worth placing on record as the distribution of the 
neoplastic nodules is similar to that in more than 
one lympho-sarcoma, while the character of the cells 
is peculiar, so that there is no doubt that metastasis 
has occurred. 

Female, age at death twenty months, has large 
glands up to ten millimetres in length in the neck, 
flank and gastro-splenic region and nodules in the 
liver and spleen. The spleen weighed 2-85 grammes 
or about twenty-two times the size of the normal 
organ. 
much alike. Round cells, larger than lymphocytes, 
with very, large and deeply staining nuclei fill 
alveoli separated by fine fibrillar septa. In the 
liver where they occupy many of the interlobular 
zones there is no trace of a capsule, but the cells 
are sharply defined from those of the liver. In some 
of the alveoli clumps of cells frequently appear 
necrotic with fragmentary nuclei and particles of 
chromatin. In the lymphatic glands the nodules 
are surrounded by small lymphocytes and a nodule 
of similar character lies on the margin of the 
thyreoid. This mouse also had six of the syndrome 
lesions. - 

Diagnosis—generalized alveolar sarcoma (?). 


Discussion. 


In these mesoblastic tumours the two points to be 
kept in mind are the evidence of their neoplastic 
nature and their relation to the bacilli with which 
the mice were inoculated. The separation of the 
round cell tumour from a granuloma containing 
the infective microorganisms is always difficult in 
the lower animals. The matter has, however, been 
worked out for the mouse in great detail and it 
has been shown that these lymphoid tumours appar- 
ently originating as enlarged glands contain no 
microorganisms and cannot be transplanted into 
other mice. The tumours and enlarged glands 
merge into one another without any line of demarca- 
tion and this remark holds good whether the dis- 
tinction is made at the measurement of 4:5 milli- 
metres or any other standard adopted. In all cases 


The structure of all these lesions is very 


the involvement of unrelated groups of glands as 
well as the frequent appearance of lesions in the 
bone marrow is against the diagnosis of granuloma. 

If granuloma can be excluded, the problem is 
narrowed to the diagnosis between  pseudo- 
leuchemia and sarcoma and Simond’s work in- 
dicates that in the mouse there is no hard and 
fast line between the two conditions. He observes 
that the lymphatic glands and spleen are affected 
by the same stimuli and react to them in much 
the same manner. That leuchemia, pseudo- 
leuchemia and lympho-sarcoma have certain 
features in common, especially the extensive in- 
vasiveness of the growths affecting the lymphatic 
glands and infiltrating the viscera. Typical cases 
of each condition are easily recognized, but border- 
line or transition forms are numerous and differ- 
entiation becomes largely a matter of individual 
opinion and as already remarked he regards 
leuchemia as closely allied to a neoplastic condition. 

It is evident from the description of the meso- 
blastic tumours in my mice that, the same difficulty 
has arisen, that the lympho-sarcomata and round 
cell tumours form a continuous series and cannot be 
separated by their size or by the microscope. The 
regular appearance of four or five lesions of the 
lymphoid syndrome serves to emphasize the close 
relationship of these tumours to one another and 
to the leuchemic conditions already discussed. 

Evidence connecting lympho-sarcoma with tuber- 
culoma is derived from the lower animals and human 
beings. In the former case the distinction between 
infective granuloma and lympho-sarcoma depends 
almost entirely upon the possibility of demonstrat- 
ing microorganisms in the one disease and it is 
some of the forms of tuberculoma which are most 
difficult to distinguish from lympho-sarcoma. In 
human beings lympho-sarcomata treated with X 
rays have been apparently cured, but in a short 
time the blood picture of lymphatic leuchemia and 
involvement of the bone marrow have appeared. 
An endothelioma has been described as taking its 
origin in a tuberculous adenitis.“®) Hodgkin’s granu- 
loma is related to tuberculoma on one hand and 
to a sarcoma on the other. Ewing concludes that 
many lympho-sarcomata arise on a tuberculous basis 
and that the process thus established progresses of 
its own momentum and eventually apart from any 
bacilli or their toxins.“ 

In regard to my mice the number of sarcomata, 
even if only the six spindle and mixed cell tumours 
are taken, is unique for a series of less than one 
hundred animals, the incidence of the same type of 
sarcoma in the Sprague stock being eighty-nine 
tumours in 12,000 mice or a percentage of 0-74. My 
results show an eight-fold increase on this per- 
centage, so that although the numbers are smail, 
the result is probably significant. In addition 
two of the cases arose at the point of inoculation 
and acid-fast bacili are also present in two of 
these mice. Any explanation of these results based 
on an assumption of chance coincidence becomes 
increasingly difficult. 
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In these inoculated mice there is no line of 
demarcation between the enlarged glands and the 
lympho-sarcomata and both are equally involved 
with the lymphoid syndrome. It was shown in the 
last section that the large glands are chiefly asso- 
ciated with the leuchemic conditions. As the 
lympho-sarcomata are not ordinary manifestations 
of tuberculosis, the change to malignancy presup- 
poses some intermediate steps the nature of which 
will be discussed after the epithelial tumours. 


EPITHELIAL TUMOURS. 

From the anatomical stand point this section 
may be divided into two groups in one of which, con- 
sisting of twenty-six mice, the pylorus is affected. 
The second group comprises five simple and six 
malignant tumours and will be taken first. 


The Adenomata. 


(i) A papillary cystic adenoma lies near the root 
of the right lung and measures two millimetres in 
diameter. In the section there are about twenty 
irregular alveoli, the walls of which are very vas- 
cular and the epithelium projects into the interior. 
The fibrillar stroma of the alveoli blends with a 
well defined capsule which surrounds the growth. 
This mouse also presents a soft putty-like mass in 
the pelvis more than a centimetre in diameter. It 
is encapsuled, sharply defined from the surround- 
ing tissues and is probably the result of an obsolete 
‘eysticercus cyst. The muscles of the neck and other 
parts are infested with Sarcocystis muris. The 
marrow is lymphoid in the ribs, sternum and 
humerus and the liver shows medium lymphoid 
infiltration. 

(ii) An adenoma of the thyreoid (see Figure XX), 
about two millimetres in diameter occupies most of 
one lobe. It consists of small alveoli usually nearly 
filled with large epithelial cells and has a well 
marked capsule consisting largely of the compressed 
vesicles of the gland. The lymphoid syndrome is 
represented by large lymphatic glands in the neck 
with surrounding infiltration extending from the 
subcutaneous tissue to the intercostal muscles, 
where an adjacent rib has lymphoid marrow. There 
is another large gland between the liver and 
stomach. e 

(iii) A small adenoma in the outer margin of the 
right thyreoid has active looking nuclei. The cap- 
sule is well defined and there are many large blood 
spaces in this and in the trabecule. There is a 
large lymphatic gland in the pancreas and smaller 
ones in the mediastinum, axille and shoulders. 
These are all of a fairly uniform type with unusually 
large blood spaces. The liver is intensely fatty 
and there is lymphoid marrow in the ribs and 
vertebra. 

(iv) There is a cauliflower growth in the urinary 
bladder about the size of a grain of wheat, both 
the epithelium and the tissues of the core appear- 
ing very active. Well defined masses of lymphocytes 
are formed beneath the epithelium of the tumour 
and also in the submucous tissue. 


Near the point of inoculation there is a large 
lymphatic gland (see Figure I) belonging to the 
cubital chain. It presents many endothelioid areas 
in which tubercle bacilli are easily found. Lines 
of round and spindle cells connect this gland with 
the subcutaneous and intermuscular tissues. There 
are many signs of proliferation in the adjacent 
tissues of the axilla. The hair follicles are very 
long with prominent epithelium and the cross 
sections are ten times as numerous as in a corres- 
ponding area of normal skin. The deep layer of 
the corium appears active and lines and sheets of 
spindle cells can be traced towards the axillary 
gland. In the subcutaneous fatty tissue the mam- 
mary alveoli are everywhere proliferating, forming 
irregular areas of epithelial cells in the fat. The 
nuclei are large, vesicular with prominent nucleoli 
and mitotic figures. There is also lymphocytic in- 
filtration of the mediastinum and of the pancreatic 
fat. This was in a young female mouse which 
died six and a half weeks after inoculation. 


(v) In an old male mouse a greatly distended 
bladder led to the examination of the prostatic 
urethra. The tissues about the neck of the bladder 
were firm and thickened and on section the alveoli 
of the prostate were seen to be distended, very 
irregular in size and shape and in many of them 
the epithelium projected as a papillary fringe (see 
Figure XXI). There was also a general small cell 
infiltration of the tissues about this part of the 
urethra, the count revealing 35° of polymorpho- 
nuclear cells, the remainder mixed large and small 
lymphocytes. This mouse had also medium sized 
lymphatic glands with surrounding infiltration in 
the shoulders, axille and about the pancreas and 
hemorrhage into the pleura and on the surface of 
the pericardium. 


Discussion. 


Of these five adenomata only one occurred in a 
female and that of the lung is the only form hitherto 
described in mice. It was a typical example of 
perhaps the most common tumour found in males. 
The thyreoid is very seldom affected, as there were 
only seventeen tumours including simple goitres in 
51,000 mice of the Sprague stock.“® Among the 
lower mammalia such tumours are practically re- 
stricted to the dog and his allies. As one of the 
control mice exhibits a somewhat similar condi- 
tion, it is possible that small undeveloped nodules 
of this gland may not be very rare, but have escaped 
detection except when the parts have been examined 
under the microscope. The mouse with the prostate 
lesion ig one in a group of six males that died with 
greatly distended bladders, two of them having a 
granuloma and two of the others having a circum- 
scribed hemorrhage in the same region. These have 
been provisionally ascribed to wounds of war, but 
more material is required to clear up the diagnosis. 
Papilloma of the female bladder has not been 
described hitherto and this may or may not be a 
chance discovery. The mouse died at a younger age 
than any other member of the whole series. It 
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has acid-fast bacilli in the local gland, early pro- 
liferation of epithelial and other structures in the 
axilla and a widespread lymphocytic reaction about 
the spleen, bladder and point of inoculation. 


The Carcinomata. 


The group of carcinomata, excluding those found 
in the gastro-splenic region, consists of six tumours 
all of which belong to types found in laboratory 
mice. As epithelial neoplasms perhaps approach 
the problem of human cancer more closely than do 
the sarcomata, these protocols are given in detail, 
but while spontaneous carcinoma in the mouse is 
almost invariably mammary, it differs from the 
disease in human beings in the following respects. 
It is often encapsuled; it may appear as multiple 
primary growths; the stroma may be very active, 
many fields resembling a sarcoma; mixed growths 
of carcinoma and sarcoma have been described; 
secondary growths in the lymphatic glands are 
comparatively rare. 


Protocols. 


1. Female, dose 250,000, death at ten weeks, age 
twelve months. 


A very large tumour occupies the left axilla and 
the whole of the anterior aspect of the neck. It 
Feached a size equal to that of the head and neck 
of the mouse in the course of five weeks’ growth, 
commencing in the axilla and working forwards. 
The tumour is of mammary type, the central parts 
consisting of solid alveoli of epithelial cells, while 
in the outlying parts the cells are often arranged 
in open acini. The stroma is very vascular and 
cellular; in parts there are bands of spindle cells, 
so that fields may be found with the high power 
that would pass for a sarcoma. The tumour 
contains many areas of hemorrhage. 

At the upper posterior border of the tumour close 
to the point of inoculation there is a large lymphatic 
gland, the light staining endothelioid areas of which 
contain large numbers of bacilli corresponding in 
all respects with those injected. As many as one 
hundred organisms may be counted in some fields 
of the oil-immersion lens. This gland and the acini 
of the tumour are surrounded by lines of lympho- 
cytes and are less than 0-25 millimetre apart (see 
Figure IT). 

There are many nodules of epithelial cells, 
apparently metastases from the tumour, beneath 


the pleura of the right lung, the pleural cavity con- | 


taining extravasated blood (see Figure XIV). 

Lymphocytic infiltration is also found in the 
pancreatic fat and in the muscular and submucous 
coats of the stomach especially at the margo. 

Diagnosis: Alveolar carcinoma of the mamma 
with secondary subpleural growths, associated with 
four lymphoid lesions. 

2. Female, dose 100,000, death at eleven months, 
age fifteen months. 


A large mammary carcinoma of the acinous | 
type extends from the axilla near the point of | 
inoculation to the crest of the pelvis. The growth | 


had been noticed for six months. The acini are 
very irregular in size and shape, lined and some- 
times nearly filled with cuboid epithelial cells. 
Masses of lymphoid cells lie between the tumour 
and the skin and muscles and penetrate amongst 
the acini. 


The lymphoid syndrome is represented by: (i) 
large glands in the axilla, (ii) infiltration of the 
subcutaneous tissue and pancreatic fat, (iii) 
massive infiltration of the liver (iv) hemorrhage 
into the pleure, (v) large spleen, (vi) leuchzemic 
blood picture, the white cells being twelve times 
increased and (vii) lymphoid marrow in the sternum 
and ribs. There is also peribronchial infiltration 
of the lungs. 

Diagnosis: Acinous carcinoma of mamma with 
seven lymphoid lesions. 


3. Female, dose 50,000, death at eleven weeks, 
age twelve months. 


This mouse was lactating when the tumour 
developed. It arose near the mid-line of the back 
close to the point of inoculation forming a small 
bulging of the skin and penetrating four milli- 
metres deep amongst the muscles of the back. 
‘Microscopically it is an adeno-carcinoma of the 
thyreoid type. The axillary and inguinal mamme 
are similarly affected; in the one the tumour is 
infiltrating the skin and commencing to ulcerate, 
in the other it is infiltrating the muscular wall 
of the vagina, being covered in one place only by 
the epithelium. The affected lobe can at once be 
distinguished from the others by deeper staining, 
the alveoli being partly filled with epithelial cells. 
Medium sized lymphatic glands containing many 
endothelioid areas adjoin each of the proliferating 
mammary lobes. No bacilli have been found in 
them. 

The lymphoid syndrome includes large lymphatic 
glands in the axille and a small one in the 
mediastinum from which lines of lymphocytes may 
be traced through the subpleural fat. Several 
lymphoid nodules are found in the muscle of the 
left ventricle, in the intercostal muscles and beneath 
the periosteum of a rib. The left pleura contains 


~ blood which has been traced through an inter- 


costal space to a collection of lymphocytes lying 


| in the deep muscles of the back close to the edge 


of the local carcinoma. In the abdomen there are 
a large spleen and medium interlobular infiltration 
of the liver. 


Diagnosis: Multiple carcinoma of the mamme 
with four lymphoid lesions. 


4, Female, dose 100,000, death at nineteen 
months, age 25 months. 


This mouse, one of those that lived longest after 
inoculation, presents a large carcinoma of the right 
lung and a suspicious condition of the pyloric epi- 
thelium. The upper half of the lung is completely 
replaced by an adeno-carcinoma. The central 
portion consists of masses and bars of epithelial 
cells which form the boundaries of irregular 
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cavities. Under the low power this arrangement 
has a distinct resemblance to lung alveoli. Nearer 
the margin these spaces often contain papillary pro- 
cesses formed by masses of active looking epithelial 
cells. Further out the cavities and their walls 
become flatter and gradually merge with the com- 
pressed lung structures. The larger bronchi are 
full of exudation and are surrounded by areas of 
broncho-pneumonia. A secondary growth is found 
in a lymphatic gland between the esophagus and 
the root of the lung. 

The lymphoid syndrome comprised six large 
lymphatic glands lying symmetrically in the 
mediastinum and axille and one in the pancreas, 
lymphoid marrow in five ribs, hemorrhage into the 
pleure, a large spleen, lymphocytic infiltration of 
the pancreas, infiltration of the stomach. 

Diagnosis: Carcinoma of lung with secondary 
growth in mediastinal lymphatic gland associated 
with six lymphoid lesions. 

5. Male, dose 25,000, death at four and a half 
months, age eight and a half months. 

An indolent superficial ulcer appeared at the 
site of inoculation at two months and was diag- 
nosed by several skin specialists as probably tuber- 
culous. It gradually changed its character, becom- 
ing a deep ulcer with heaped up edges, bleeding 
readily and manifesting no tendency to heal. Micro- 
scopically the growth is seen to be a carcinoma of 
the skin arising from the hair follicles. It con- 
sists of epithelial masses and isolated columns 
grouped round small cavities circular in cross 
section, some of which contain the fragments of 
the shaft of a hair. The nuclei are usually large 
and oval with nucleoli and the cytoplasm is small 
in amount for an epithelial cell. Great collections 
of small lymphocytes surround the epithelial cells, 
a layer one half of a millimetre thick separates them 
from the deep muscles. 

The liver has many small collections of epithelial 
cells, some lying beneath the capsule, others beside 
an interlobular vein. The adjacent parts are in- 
filtrated with mixed cells consisting of lympho- 
cytes, large and small epithelial cells and hepatic 
cells mostly distorted and fragmentary, but others 
swollen and multinucleated. A large lymphatic 
gland in the pancreas has also been converted into 
a reticular structure consisting chiefly of small and 
large epithelial cells (see Figure XV). The nuclei 
of the pancreatic cells in contact with this gland 
are abnormal as they are large, vesicular and con- 
tain two or more nucleoli. 

The spleen is large, five times the normal size. At 
the inlet to the thorax there is great lymphocytic 
infiltration of the muscles and brown fat and the 
scapule, ribs and vertebre contain lymphoid 
marrow. 

Diagnosis: Carcinoma of skin with secondary 
growths, associated with five lymphoid lesions. 

6. Female, dose 25,000 in inguinal fold, death 
at seven and a half months, age twelve months. 

There was an oval tumour, one and a half centi- 
metres across, occupying the lower part of the right 


thigh. It had been under observation for nine 
weeks before death. This is an epithelioma with 
great thickening of the superficial horny layers. The 
main part of the growth consists of irregular masses 
of epithelial cells separated by areas of vascular 
fibro-cellular tissue, which appears specially active 
in the deeper parts of the tumour. 


In the liver there is considerable fatty infiltra- 
tion with collections of lymphocytes in the inter- 
lobular zones. The nuclei of Kupffer’s cells are 
unusually prominent. The spleen is large, being 
four times the normal size. 


There are enlarged lymphatic glands in the 
mediastinum, neck and axilla and lymphoid marrow 
in the humerus, ribs, vertebre and tibia. Adjacent 
lobes of the right lung are occupied by oval areas 
consisting chiefly of necrotic cells; they are four 
millimetres in diameter and have well developed 
capsules surrounded by a narrow zone of lympho- 
cytes. They do not contain bacilli, but may be 
obsolete tuberculomata, as their appearance is quite 
unlike the lesions of pseudo-tuberculosis. 

Diagnosis: Epithelioma associated with four 
syndrome lesions. 


Discussion. 


Of these six tumours the three affecting the 
mamma are typical of the disease in mice as far as 
the histology is concerned, but three spontaneous 
cases in forty-nine females, the number inoculated, 
is not an abnormal incidence compared with many 
laboratory stocks. Mammary cancer, however, 
usually occurs at about the age of sixteen months 
and almost exclusively in mice that have had litters. 
Of the inoculated mice only seven had litters 
subsequently and of these three developed carcinoma 
of the mamma and another epithelioma of the 
thigh. The occurrence of one mammary tumour 
with secondary growths and another as a multiple 
primary tumour does not appear to be unusual in 
the mouse. 


The carcinoma of the lung with metastases in a 
lymphatic gland is a type rare in mice and in this 
instance it occurred in one which survived inocula- 
tion for a very long period. The two other tumours 
are very important in this investigation. They 
both occurred in young mice belonging to the boiled 
milk inoculated group. The carcinoma of the skin 
commencing under the age of six and killing the 
mouse at the age of eight and a half months prob- 
ably constitutes a unique record. The apparent 
transformation of what was clinically a tuberculous 
ulcer into a typical carcinoma suggests the analogy 
of lupus in human beings and the secondary deposits 
in the abdominal lymphatic gland and liver recall 
the appearances found in the mixed cell sarcoma 
already described. The last mouse with an epi- 
thelioma of the thigh may be compared with the 
mouse with sarcoma of the foot, as these were the 
only two instances of a primary cancer occurring 
on the hind limbs, the tumour being in the anterior 
half of the body in nine-tenths of these mice. 
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The six spindle and mixed cell sarcomata taken 
with these eleven epithelial tumours form a group 
in which there can be little doubt about the neo- 
plastic nature of the growth. They differ widely, 
however, from any series of seventeen consecutive 
tumours hitherto reported in mice. It has been 
shown that a sarcoma is somewhat of a curiosity 
in this animal, my six cases representing eight 
times the incidence of the Sprague stock. 

The composition of this epithelial group is also 
quite unusual. Instead of being exclusively mam- 
mary tumours, five are adenomata of which only 
one is of a type hitherto described in mice. The 
carcinomata are not only abnormal in including 
so many types, but four of them arose at or near 
the point of inoculation. 


EPITHELIAL TUMOURS IN THE GASTRO-SPLENIC REGION. 


As the majority of these tumours involves the 
pylorus it was necessary to determine the normal 
histology of this region. Including the inoculated 
animals, serial sections have been examined of three 
hundred mice. The relations of the parts correspond 
very closely with those in larger mammals. The 
stomach is divided into two areas of approximately 
equal size, the cardiac portion lined with stratified 
epithelium which is suddenly replaced at the margo 
plicatus by the glandular epithelium of the 
remainder of the organ. The pyloric canal is well 
defined and when the walls are contracted the 
mucous coat is thrown into longitudinal ruge. The 
gastric epithelium at the pylorus projects into the 
duodenum forming a characteristic os. The circular 
furrow which surrounds the os on the duodenal side, 
is occupied by Brunner’s glands. The muscularis 
mucose of the stomach blends with the sphincter 
and cannot be recognized in the duodenum beneath 
Brunner’s glands, the bases of which rest on the 
muscular coat. The pylorus when the sphincter is 
contracted measures about 1:5 millimetres in 
external diameter, half of which is muscle and the 
remainder mucous membrane. Small dilatations are 
sometimes found in the bases of Brunner’s glands. 
The appearances of the cells and nuclei have a 
physiological uniformity in any given area whether 
the sections are transverse, oblique or tangential. 
Any definite dilatation of the glands or want of 
uniformity in their appearance or small cell infil- 
tration of the muscular or mucous coats is 


abnormal. The thickness of the muscular wall of 
the first part of the duodenum is less than one- 
thousandth of an inch (0-025 millimetre). The 
pancreas is always in contact with the serous coat 
opposite the sphincter and margins of the lobes of 
the liver and flexures of the large and small 
intestines are also very close to it. 

The tumours will be described according to their 
site, those found at a distance from the pylorus 
being taken first. 


The Pancreas. 
The following conditions are found affecting the 


pancreas: (a) Enlarged lymphatic glands in the 
head or tail with lymphocytic infiltration of the 


adjoining lobes of the organ; (b) this infiltration 
may extend to the wall of the stomach and become 
continuous with similar cells, infiltrating the coats 
of that organ; (c) the infiltration may separate the 
lobes and also the lobules leading to partial dis- 
integration of the organ; (d) proliferative changes 
take place in the lobules or ducts with or without 
a corresponding proliferation of the infiltrating and 
supporting structures. Thus carcinoma simpler, 
duct carcinoma, fibro-adenoma or sarcoma may 
result. 


Protocols. 


1. Female, dose 5,000, death at seven and a half 
months, age thirteen months. 


The abdomen which contained five cubic centi- 
metres of ascitic fluid, was distended by a very large 
spleen on the left and a firm tumour on the right 
side. The tumour is adherent to the liver, stomach, 
duodenum, pancreas and right horn of the uterus. 
The section of the tumour is quadrilateral with 
rounded angles and measures 1-2 centimetres across 
(see Figure XVI). Of this area the part adherent 
to the duodenum is composed of a fibroid stroma 
containing several large, irregular cavities and 
many smaller alveoli. The cavities are lined and 
the alveoli are more or less filled with low cubical 
cells with large oval nuclei. A finger-like process 
of this tissue is adherent to and partly embedded 
in the liver. The pancreas is greatly infiltrated with 
small round cells and clumps of pancreatic cells 
are found in the fibroid stroma and in the round 
cell tissue in contact with the ventral aspect of the 
intestines. The area adherent to the stomach con- 
sists of round cell tissue apparently of lymphatic 
gland origin, but the cells and nuclei are very vari- 
able in size, shape and appearance. Fields 
containing deeply stained fragments of nuclei are 
common. 

A large lymphatic gland between the stomach and 
pancreas has a good capsule and reproduces all 
these types of tissue (see Figure: XVII). 

Diagnosis: Mixed tumour containing epithelial 
and sarcoma elements. In the gland the secondary 
growth is strongly epithelial. There are six 
syndrome lesions. 

2 and 3.—Two cases of carcinoma simplex of the 
pancreas, one in each sex. A portion of the body of 
the organ is transformed throughout an area five 
millimetres in diameter, the lobes and lobules 
gradually becoming fused into a sheet of epithelial 
cells (see Figure XVIII). These lie in contact with 
one another and they are often triangular or 
irregularly polygonal in shape, the nuclei being 
large, sometimes vesicular and frequently with 
indications of mitosis. Very fine clefts are some- 
times seen indicating the boundary of a former 
lobule. In one of these tumours multinucleated 
cells are common. Both mice have a circle of 
large lymphoid glands, superficial to the salivary 
glands, in the neck. 

Fibro-adenoma apparently arises from prolifera- 
tion of the ducts included in an adhesion to the 
pylorus. This separation and deformation of the 
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lobules is shown in Figure XIII. The round cell 
sarcoma which arises in this region, has already - 
been described. 

The Colon. 

Two tumours involve the large intestine beneath 
the right lobe of the liver, a simple adenoma and 
a malignant carcinoma. In the former case there 
is a cap three millimetres in length on the side of 
a thick-walled colon in relation with the liver and 
pancreas. The capsule is formed by a layer of 
muscle representing about one-fourth of the thick- 
ness of the muscular coat of the intestine and hence 
the tumour appears to occupy a diverticulum. The 
capsule is completely filled with alveoli which cor- 
respond with the bases and short lengths of the 
tubular glands. The malignant tumour corresponds 
as far as the arrangement of the muscular wall is 
concerned, but the tumour extends around three- 
fourths of the circumference of the colon and the 
section passes through the opening by which the 
epithelium becomes continuous with that lining the 
intestine (see Figure XIX). The diverticulum is 
filled with irregular branching and tortuous alveoli 
for the most part completely filled with epithelial 
cells, the nuclei of which are hyperchromatic, 
vesicular and frequently contain several irregular 
nucleoli. 

The Stomach. 

The main cavity of the stomach is affected in five 
mice, three with carcinoma of the tubular glands 
and two with early epithelioma of the stratified 
epithelium. The carcinomata are large tumours 
not only filling a considerable portion of the cavity 
of the stomach, but penetrating the muscular and 
submucous coats so that alveoli are found in che 
round cell tissue which forms an adhesion in each 
case to the pancreas (see Figure XXII). There are 
broken up alveoli and solid clumps of triangular, 
cuboid or columnar cells with large vesicular and 
irregular nuclei sometimes exhibiting mitotic 
figures. In the adhesions irregular lobules of pan- 
creatic cells and areas of epithelial cells apparently 
derived from pancreatic ducts are also found (see 
Figure XXIII). 

The two epitheliomata are early cases, super- 
imposed on a warty condition of the stratified 
epithelium (see Figure XXIV). The large elong- 
ated epithelial cells are very variable in size and 
shape, their nuclei are hyperchromatic, frequently 
spindle or pear shaped and contain mitotic figures. 


The Pyloric Canal. 

In three mice the pyloric canal was almost com- 
pletely blocked by the inward growth of the 
epithelium and in one of these the muscular walls 
of the stomach were very much thickened, the bases 
of the tubular glands were dilated and tortuous, 
with irregular hyperchromatic nuclei. In two of 
these mice the epithelium occupied the submucous 
tissue and in the third it had penetrated the wall 
of the stomach, alveoli being found in a pancreatic 
adhesion. The round cell infiltration of the mus- 
cular and submucous coats is very prominent in 
these sections. 


The Pylorus and the Duodenum. 


The pyloric region is affected in fifteen mice, the 
usual characteristics being adhesions to the pan- 
creas, round cell infiltration of the muscular and 
mucous coats and irregular proliferation of the 
glands both on the gastric and duodenal sides of 
the orifice. Five of the cases are diagnosed as malig- 
nant chiefly on the grounds of the invasion by 
irregular alveoli of epithelial cells of the muscular 
coats and pancreatic adhesions. Two of these mice 
exhibit secondary invasion apparently by peritoneal 
sowing adhering to the surface of the liver. The 
diagnosis is papilloma in eight (see Figure XXV), 
the proliferation taking place towards the stomach 
in four and mainly on the duodenal side in the 
other four. In the gastric glands a cauliflower 
growth appears, but the bases of Brunner’s glands 
are chiefly affected, and in one instance with a well 
organized adhesion to the liver the appearance 
resembles a mass of salivary glands sharply bounded 
by the muscular coat (see Figure XXVI). But in 
three others the relation of the bases of the glands 
to the pancreatic adhesion is suggestive of 
malignancy. 


Finally, in three mice the epithelium at the 
pylorus is hypertrophic and cystic, but there are no 
appearances suggestive of active proliferation. 


Discussion. 


Tumours of the stomach and intestines were 
rarely met with in mice until Bonne in 1926 found 
papillomata in a proportion of the mice which had 
been tarred in various regions of the skin. Think- 
ing that this result might be due to the particles 
of tar swallowed after licking the skin, he tarred 
fifty mice on the lip. This group yielded sixteen 
papillomata and one carcinoma of the stomach. He 
also states that papillomata are fairly common in 
the stomach of mice, apparently of spontaneous 
origin.) Glandular carcinoma and epithelioma of 
the stomach have both been described, but they are 
exceedingly rare as compared with carcinoma of 
the mamma. In human pathology the origin of 
papilloma of the stomach and intestines and its 
relations to carcinoma have been carefully worked 
out.’??) In some cases the microscopic structure of 
these tumours is characteristic, although they may 
not be more than one or two millimetres in 
diameter. The following points are noted as being 
present and may be compared with my results: 
(i) Lymphoid infiltration of the muscular and sub- 
mucous coats, with collections of similar cells near 
the base of the adenoma. Such. collections appear 
to produce the initial bulging forward of the 
muscularis mucose. (ii) “Small round lymphocytes 
in ahundance” and similarly “a very high propor- 
tion of leucocytes in the blood.” (iii) Changes in 
the alveoli, increased size, cystic dilatation, tortu- 
ous course and alteration in the direction of the 
tubular glands. (iv) Changes in the nuclei, large, 
deeply staining and hyperchromatic with more or 
less definite statements as to the signs of active 
division, (3) (24) (25) 
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In the inoculated mice these four features are 
characteristic of the appearances in the gastro- 
splenic region and in the submucous tissue a mass 
of lymphocytes often forms a cushion from which 
the abnormal tubular glands seem to radiate (see 
Figure XXVII). Such cells are not isolated like 
the solitary follicles of the small intestine, but form 
a definite focus connected by lines of cells with the 
widespread infiltration in the coats of the organ. 
The small size of the mouse makes it easy to demon- 
strate that such cells are part of the general lym- 
phoid infiltration of the gastro-splenic area. The 
pancreas and the fat adjoining it are nearly always 
involved and this infiltration is associated with 
large lymphatic glands, adhesions between the vis- 
cera and kinks in the walls of the alimentary canal. 
In other words the changes in the epithelium appear 
to be inseparable from a general process which is 
found in both the connective tissue of these organs 
and in the areolar tissue which surrounds them. 


The activity of the cells of the stroma appears to 
be very great. Sometimes an alveolus clearly 


derived from the pancreas or the gastric glands is © 


found in an isolated position and its separation 
from its normal surroundings may have been due to 
the growth of the stroma rather than to the drift of 
epithelial cells along a lymph path. 

True metastases, however, are found in a high 
proportion of the inoculated mice. Omitting the 
lympho-sarcomata there are thirty-two tumours 
diagnosed as carcinoma and sarcoma. Secondary 
growths are present in ten or 31%, a very much 
higher incidence than is usually found in spon- 
taneous tumours in mice. 

On the other hand the infiltration of the gastro- 
splenic region is essentially lymphocytic and forms 
part of the lymphoid syndrome by the same 
evidences of continuity and similarity as are found 
in the other inoculated mice. The carcinoma mice 
come next to those with mesoblastic tumours in the 
incidence of the syndrome lesions and the appear- 
ances in the neck, axille and thorax are indis- 
tinguishable in regard to the large glands, areolar 
infiltration and lymphoid marrow. 

Several points applicable to all the inoculated 
mice may also be mentioned. 

The influence of age and sex is complicated by 
the fact that while the sexes were nearly equal, most 
of the younger mice were males. The cross 
distribution of tumours is shown in Table VI. 


TABLE VI. 
Tumours. Young Mice.| Old Mice. Males. | Females. 

| 

Epithelial .. “a 19 | 21 | 15 25 
Pro rata » 29 | 32 | 30 H 31 


The deviation from the pro rata numbers is not 
sufficiently great to be significant in this number 
of mice, neither age nor sex having the predomin- 
ating influence that they have in spontaneous 
tumours. 


Including the tuberculomata, twelve tumours 
(18-75%) arose at or close to the point of inocula- 
tion and half the tumour mice died within seven 
months of inoculation. 


Among the mice with no tumours and the least 
number of syndrome lesions there is a preponderance 
of males. 


In the great diversity of the type of tumour and 
the fact that no two of the malignant tumours 
(except the lympho-sarcomata) resemble each other 
closely, my results are widely divergent from the 
uniform history of cancer in mice. Diversity of 
results is characteristic of all known carcinogenetic 
agents, the chronic irritation producing either sar- 
coma or carcinoma, as is seen in tar, shale oil, dye 
chemicals, X rays, radium and animals parasites. 
Woglom in reviewing the whole position in this 
field remarks: 

Perhaps the most interesting discovery that has come 
from the study of experimentally produced cancers, is 
the non-importance of age. 

These considerations furnish confirmatory 
evidence that the tumours are the result of the 
inoculations. 


CORRELATION OF RESULTS. 


1. The mice used in these experiments belong to 
a stock in which the incidence of tumours is low. 
In the controls the tendency has been towards 
lymphoid lesions rather than to the forms of cancer 
usually found in laboratory mice and in one group 
the lesions are associated with infective diseases 
which provoke the corresponding leucocyte reaction. 
One half of the controls are descended from the raw 
milk group and the others from three inoculated 
females of which one developed a tuberculoma and 
the other two epithelial tumours. Hence if these 
were spontaneous tumours, there was a chance of 
their giving rise to a cancer strain. But this has 
not been the case. 


2. In the raw milk group the lesions in a large 
proportion of these mice are those of lymphatic 
leuchemia. The unexpected occurrence of this 


group has opened up the question of the etiology of 


leuchemia and of its relation to mesoblastic 
neoplasms. In support of my suspicion that these 
mice might have been infected with tubercle bacilli 
from cow’s milk two points have been discussed, the 
effect of this bacillus when inoculated into the lip 
and the evidence from human and comparative 
pathology that lymphatic leuchemia is closely 
associated with this organism. In any case the 


descendants of these mice among the controls which 


form half the boiled milk series, are free from this 
condition or similar lesions. 

3. In the inoculated mice the action of an 
external agent in the production of tumours may 
be inferred from two comparative studies. 

In order to establish the age at which spontaneous 
cancer appears, -Murray®” kept 562 females under 
observation, of which 92 developed tumours. The 
age at death of these and of my 61 tumour mice 
may now be compared. 
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TABLE VII. 
Age at Death of Tumour Mice. 


| Months. 
Number 
Author. of Mice. | 
0-9 | 9-15 | Over 15 

| 
Murray . | 92 mice 5 30 57 
Cherry . | 61 mice 6 30 25 
Cherry : | Pro rata 9 45 37 


A much lower percentage of the deaths in the 
inoculated group falls in the period of old age and 
the next table shows that this would have been 
still lower but for the fact that half these mice were 
eight, ten and twelve months old at the time of 
inoculation. 

In order to test the question of transmissibility 
Heidenhain‘*®) inoculated 1,165 mice with material 
from human cancers. Of these 69 developed tumours 
and the period between inoculation and death 
may be compared with my experience as under: 


TABLE VIII. 
Deaths after Inoculation. 


Period in Months after Inoculation. 
Number 
Author. of Mice. | 
0-9 | 9415 Over 15 
| 
Heidenhain sa 69 mice 19 23 27 
Cherry .. AA 61 mice 36 19 6 


This table reinforces the former in indicating that 
the age incidence of the tumours in my mice is 
abnormal and the occurrence of death in nearly 
three-fifths of them within nine months of inocula- 
tion tends to show that the inoculation is in some 
way the cause of death. 

The criteria on which the diagnosis of tumour is 
based, have been referred to, but it may be stated 
that if the glands classed as lympho-sarcomata 
between four and a half and eight millimetres were 
transferred to the leuchemias and if all the 
adenomata of the alimentary canal which do not 
form a macroscopic knob were rejected, the incid- 
ence of neoplasms is still 44%. 

In 1927 Miss Slye°®) published the record of 
61,700 mice dying of natural causes. The incidence 
of malignant neoplasms was about 9% and a section 
of these mice had been bred with the object of 
establishing cancer strains. 

In the inoculated mice the neoplasms differ from 
spontaneous tumours in the following respects: 
(i) The small proportion involving the mamma; 
(ii) the large proportion of adenomata and papil- 
lomata; (iii) several of the carcinomata are 
described for the first time in mice and some of 
them approximate to the conditions found in man; 
(iv) the large proportion with secondary growths 
and the extent to which these involve the lymphatic 
glands. 


In an earlier part it was shown that while the 
type and incidence of the syndrome lesions of three 
of the groups admit of a reasonable explanation, 


the incidence of these lesions in the raw milk con- 
trols makes it impossible to be sure of their 
significance in the raw milk inoculated. But in 
regard to the tumours all the facts are perfectly 
consistent. The two inoculated groups agree in 
having a high incidence of epithelial neoplasms, 
while it is low in both control groups. The meso- 
blastic tumours consist of two types, one of which 
is the enlarged lymphatic gland. If these are 
removed from all the groups of mice, the residue 
of the sarcomata practically affects the inoculated 
groups only. In regard to indisputable neoplasms, 
therefore, the inoculated mice are sharply dis- 
tinguished from the controls. 

In regard to the epithelial group, turning to the 
percentages as seen in Table I the disparity is suf- 
ficiently striking. But it becomes greater if the 
groups are standardized to establish the equality 
of the sexes, as spontaneous epithelial tumours are 
seldom seen in male mice. The effect would be to 
reduce the percentage in both controls and to a less 
extent in the raw milk inoculated, while it would 
raise that of the boiled milk inoculated by nearly 
50%. 

The removal from the mesoblastic group of all 
the tumours which are frankly enlarged glands, 
would change the numbers to the following: 


51 raw milk inoculated mice. . 9 tumours 
45 boiled milk inoculated mice 6 tumours 
51 raw milk controls - 1 tumour 
100 boiled milk controls .. 0 tumours 


The influence of the inoculation in both classes 
of tumours is therefore apparent, but the epithelial 
type is better represented in the younger group of 
mice. The numbers of mice, however, are too small 
to settle the question finally. 


They also differ from spontaneous tumours in 
the absence of the apparently hereditary factor, in 
connexion with which the following observation 
may be of importance. ‘ 

In an inoculated mouse I found acid-fast bacilli 
in a large lymphatic gland almost in contact with 
proliferating mammary alveoli (see Figure II). In 
three others glands without demonstrable bacilli 
were found in a similar position. Chronic hyper- 
trophic and cystic changes of the mamme in old 
mice have been described” and these run into con- 
ditions on the border line of malignancy. It is 
possible that a mouse may be a carrier of tubercle 
bacilli and infect her young by means of the milk, 
just as instances are on record of this being done 
by the cow. This problem needs investigation before 
the influence of heredity can be defined in tumour 
mice. 

As far as diversity of type is concerned my results 
approximate more nearly to cancer in man, particu- 
larly with regard to the selection of the pylorus by 
nearly half the tumours. I consider it highly 
significant that in several of the mice acid-fast 
bacilli should be found in this neighbourhood. As 
all observers have noted the frequency with which 
these bacilli are found in the spleen of inoculated 
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mice and rats, the splenic vessels must form a 
regular part of their route either by the lymph 
paths or by the blood vessels. I look upon the lines 
and masses of lymphocytes as an indicator of the 
presence of a chronic irritant and these cells prob- 
ably take a direct part in preparing the way for 
active proliferation. Similar masses of cells close 
to a tumour in human beings are on the other hand 
usually looked upon as the result of the irritation 
produced by the tumour. 


Throughout the inoculated mice there is a strong 
tendency towards lymphatic leuchemia and pseudo- 
leuchemia, these conditions being specially well 
developed in the three mice with tuberculomata. If 
I had found nothing but lymphoid conditions in my 
mice or if all the tumours had been lympho- 
sarcomata, the inoculated tubercle bacilli might 
be conceded as the cause. But other forms of 
sarcoma and the epithelial tumours are also asso- 
ciated with the lymphoid syndrome. To prove that 
both malignant tumours and the leuchemias have 
a common origin is a much more difficult problem 
because at first sight this seems exceedingly 
improbable. 

If, however, it be conceded that leuchemia is a 
condition not far removed from malignancy, it may 
be possible to change the apparent difficulty into 
a link in the chain of proof. The same chronic 
irritant may be the indirect cause of the two con- 
ditions. The tubercle bacillus is known to cause 
both a lymphocytosis and the overgrowth of tissues 
which forms a granuloma and in each case there 
may be an absence of miliary tubercles, the char- 
acteristic lesion found in most of the mammalia. 
The problem is to reconstruct the steps by which 
either of these types of tuberculous activity may 
be more or less completely replaced by another 
which is no longer tuberculous, but has become 
self-supporting. 


THE CHANGE TO MALIGNANCY. 


These experiments show that minute doses of 
tubercle bacilli in mice are followed by varied 
conditions including: (i) Tuberculoma, (ii) 
lymphoid hyperplasia running on to leuchemia and 
lympho-sarcoma, (iii) sarcoma, adenoma and car- 
cinoma, some of which have characters not before 
described in mice, (iv) the bacilli may remain recog- 
nizable in the tissues for at least half the lifetime 
of the mouse, (v) as the lymphocytic reaction per- 
sists this may be taken as evidence of the presence 
of a chronic irritant, presumably the bacilli. 

As these mice present a fairly uniform set of 
pathological conditions, it is quite probable that this 
chronic irritation is the indirect cause of death. 
If this is.so, my results fall in line with all the 
known cancer producing agents, for there is good 
evidence that these are not the direct, although 
they are the essential cause of malignancy. 

Various strains of bacteria have been isolated, 
inoculation of which is followed in a variable per- 
centage of cases by the appearance of true tumours 


both mesoblastic and epithelial. Some of these are 
transplantable into other mice, but the bacilli 
cannot be found in the secondary growths or in 
the transplants. Animal parasites both in the lower 
animals and in man, chemical substances taken 
internally and external irritants, such as radiant 
energy, heat and tar, are all well established as 
causes of tumours. 


In these instances true tumours are produced and 
the value of such clinical and experimental results 
is not the light that they throw on the cause of 
the common forms of human cancer, but in the 
demonstration of the fact that cancer is caused by 
a number of unrelated internal and external 
irritants. The apparent causes are multiple, the 
resulting product—malignancy—is a ‘unity. Hence 
it is almost certain that these are the indirect causes 
and that the unity is achieved through a specific 
mechanism which they set in motion and which 
becomes the direct cause of the tumour. Malignant 
growths in their essentials are always the same, 
because they consist of a part of the body which has 
acquired the power of unrestricted growth. Among 
the higher animals they thus constitute a separate 
physiological phylum. 

At the present time special importance is 
attached to the action of growth stimulating sub- 
stances and to the changes which become char- 
acteristic of malignant cells. It has been shown 
that the fluid expressed from embryonic tissues 
stimulates the rate of multiplication of the cells 
in tissue cultures, sometimes to the extent of fifty- 
fold. Leucocytes, serous exudates and connective 
tissue invaded by leucocytes have the same power. 
The active substance is formed only in the absence 
of putrefactive bacterial growth and the amount 
is increased by autolysis. It is found in human 
and experimental cancers, Rous’s chicken sarcoma 
being a specially rich source of supply and this is 
the typical tumour in which metastases may appear 
without the transference of a fully formed cell. 


Tumours have been occasionally produced by the 
inoculation of embryonic tissue into mice or fowls 
after mixture with one of several unrelated chemi- 
cal substances or with extracts of cancer tissue. 
Brebner has produced sarcoma in fowls by a mix- 
ture of chicken embryo pulp and placental extract; 
Leitch by the injection of normal fowl pancreas; 
Murphy by the extract of fowl testes. From such 
experiments it appears that the growth stimulant 
or activator may stimulate either the cells of the 
new host or the foreign cells in the midst of which 
it has been formed, and which are transplanted 
with it or both. 


Tumour cells are derived from normal cells, but 
they acquire characters of their own; of these two 
may be mentioned, increase of permeability of the 
cell membrane and the power of anaerobic 
metabolism. 


At the precancerous stage proliferation always 
begins at a number of points lying close together 
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but not in actual contact. It involves epithelial 
and connective tissues alike and the type which shall 
become predominant is at first an open question. 
These observations seem to show that the stimulant 
is being diffused from a small focus and that certain 
cells are more affected by it than their neighbours. 
The more active cells and especially their nuclei 
stain more deeply with most histological reagents 
and soon become conspicuous by their increased 
size. These phenomena indicate a change in the 
permeability of the cell membrane. 


Warburg’s anaerobic metabolism seems to be an 
essential property of malignant cells. It is assumed 
that this is acquired by the asphyxiation of most 
of the cells in a densely crowded area (Burrows, 
Caspari). The cells capable of survival under such 
conditions would tend to become the predominant 
type in the tumour. The index of anaerobiosis is 
not a fixed one, but passes in a graduated scale from 
normal tissues, innocent tumours and embryonic 
tissues to malignant tumours. 


At the International Cancer Conference in 
London, July, 1928," the views of leading 
pathologists were thus expressed. 


Dr. F. Blumenthal: 


Cancer stimuli proceeded by way of an inflammatory 
stage with increased cell division and regenerative pro- 
cesses; after this stage the cancer cell acted autonomously 
without the cancer producer. Special and incidental cancer 
parasites were only significant in the precancerous stage 
and then only if they displayed a definite metabolism or 
acted as carriers of a cancer agent. This agent was prob- 
ably a cellular product which, on the decay of cancer cells, 
was taken up by macrophages, so that they became cancer 
cells or transmitted the agent to others. 


Professor Ewing: 


The exciting factors acted with predisposing causes, of 
which chronic irritation of any kind was the most signi- 
ficant. Some irritants excited a slowly progressive pro- 
cess which might not reach the stage of cancer for many 
years, and minute amounts might be sufficient. Bacterial 
causes were less well defined than chemical and mechani- 
cal, but the process excited by the tubercle bacillus might 
pregress of its own momentum and gradually acquire 
neoplastic properties with the complete elimination of the 
bacillus. Precancerous changes showed every transition 
stage from normal inflammatory to neoplastic overgrowth 
strongly suggesting that the forces at work were merely 
the intrinsic powers of the cell. 


In the mouse the lymphocytes play an important 
but undetermined part in the resistance to tuber- 
culosis and in the development of and resistance to 
malignant growths. A lymphocytosis is found after 
inoculation with tubercle bacilli. Lymphocytes are 
prominent in the chronic irritation in the early 
stages of tar cancer and are specially attracted 
by cancer grafts. De Fano showed: 

That the lymphocytes are not attracted by healthy 
foreign cells or by necrotic tissue, but rather by a tissue 
in a special stage of the process of necrobiosis. The 


polymorphs under aseptic conditions exercise no phago- 
cytie action but degenerate rapidly in situ. 


In human beings the lymphocytes are prominent 
around an area of lupus and in X ray dermatitis, 
while chronic suppuration with effusion of poly- 


morphonuclear leucocytes seldom becomes malig- 
nant. Lumsden believes that one of the factors 
involved in immunity against experimental cancer 
in rats and mice is derived from the leucocytes and 
it is necessary for these cells to be extravasated or 
subject to partial anaerobic conditions. Growth 
stimulating substances are found to be relatively 
plentiful in organs containing much lymphoid tissue, 
and in Rous sarcoma the zone on the edge of an 
area of necrosis or of hemorrhage is the richest 
source at present known. 

It is possible, therefore, that the self-supporting 
growth of a malignant tumour may be due to the 
presence of cells which are dead and undergoing 
aseptic autolysis and that the coexistence of 
necrosis with growth keeps up the supply of the 
activator. It is known that the amount of growth 
stimulating substance varies greatly in different 
tumours. In some it is capable of being separated 
from the cells by filtration, but in most cases it can 
be transferred to a new host only in company with 
a small mass of the cells among which it was formed. 
A cancer may grow after transplantation because it 
contains sufficient activator to continue the process 
in its new host; a granuloma produces another 
granuloma only when the microorganisms are 
present in sufficient numbers to start the infection. 
But in the mouse lympho-sarcoma fails in both 
respects, the bacilli cannot be found and they are 
not sufficiently numerous to start tuberculosis in a 
guinea-pig, while the cells do not carry sufficient 
activator to allow of successful transplantation to 
another mouse. 

In the foregoing account of the results observed 
after inoculation with tubercle bacilli many of the 
conditions required by this theory of the change to 
malignancy have been repeatedly noted. Such, for 
instance, are: the persistent lymphocytic reaction; 
the small necrotic areas sometimes adjoining foci 
containing the bacilli; dense masses of lymphocytes 
in the bone marrow and other situations supplying 
facilities for anaerobic growth; the areas of epithelial 
or other proliferation in close proximity to one or 
more of. these dense accumulations of lymphocytes. 
On the other hand the mice infected with pseudo- 
tuberculosis and having in many respects a corre- 
sponding polymorphic reaction, have shown com- 
paratively little tendency towards malignant 
growth. Possibly the secret is locked up in the 
nucleus of the lymphocyte. 


SumMMarRY. 


1. The effects of inoculation of small numbers of 
tubercle bacilli beneath the cuticle by the method 
described in a series of 96 white mice are recorded. 

2. The incidence of tumours in the stock of mice 
used is 6%. After inoculation it rose to 55% in 
the males and 71% in the females. About one-third 
of these tumours are mesoblastic and two-thirds 
epithelial. 

3. In range of type and situation this series of 
neoplasms differs materially from any hitherto 
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recorded in mice. Those arising in the thyreoid, 
pylorus, colon, pancreas, prostate and bladder have 
not hitherto been observed in this animal. 


4. These mice also exhibit an associated syndrome 
of lymphoid changes. The relationship of these on 
the one hand to leuchemia and pseudo-leuchemia 
and on the other to lympho-sarcoma is traced and 
the etiology of the condition discussed. 


5. Death occurred on the average in eight and a 
half months after inoculation. The occurrence of 
tuberculomata, the finding of acid-fast bacilli in 
10% of the mice and the lymphocytic character of 
the associated lesions are held to indicate that the 
bacilli have established themselves in the tissues. 


6. The facts submitted afford strong presumptive 
evidence that the tubercle bacillus is the indirect 
but essential agent in the promotion of neoplastic 
growth in these mice. Suggestions are made as 
to the possible mode of its action. 


7. Intraperitoneal inoculation of corresponding 
doses of bacilli in fourteen mice gave negative 
results in regard to the presence both of tumours 
and lymphoid syndrome. 


Acknowledgements. 

This investigation has been carried out under the 
Cancer Research Committee of the University and 
the Walter and Eliza Hall Institute. The Univer- 
sity has met the expense from the Fletcher Research 
Fund and from contributions by Sir John Grice, 
J. Bell, the trustees of the Edward Wilson and 
W. M. Bell Estates and the Federal and State Gov- 
ernments. I have to thank Mr. W. Howat for the 
gift of a microscope, Dr. C. H. Kellaway for assist- 
ance in the inoculations, Miss C. Maudsley and Mr. 
G. McLennan for the photographs. It is also appro- 
priate to add that shortly before his death Mr. 
Fletcher sent me a note on enzymes in certain 
chemical manufacturing processes as being perhaps 
analogous to the factors involved in cancer. The 
theory of growth stimulating substances is prob- 
ably not far removed from his ideas on the subject. 


REFERENCES. 

© T. Cherry: “Cancer and Acquired Resistance to 
Tuberculosis,” THE MEpIcaL JOURNAL OF AUSTRALIA, October 
11, 1924, page 372. 

® T. Cherry: “Cancer and Acquired Resistance to Tuber- 
culosis,” THE MEDICAL JOURNAL OF AUSTRALIA, June 6, 1925, 
page 581. 

® R. S. Breed: “Standard Methods of Milk Analysis,” 
1923. 

® F. McCoy Hill: “On Lymphoid Tumours Occurring in 
Mice,” The Australian Journal of Experimental Biology 
and Medical Science, March 16, 1928, page 89. 

® J. B. Murphy and E. Sturm: “Effect of Dry Heat 
on the Blood Count in Animals: III—Studies on Lymphoid 
Activity,” Journal of Experimental Medicine, 1919, Volume 
XXIX, page 1. 

® LL. Cobbett: “The Causes of Tuberculosis, Together 
with Some Account of the Prevalence and Distribution of 
the Disease,” 1917. 

© ©. H. Browning, R. Gulbrausen and S. Russ: “The 
Effect of X Rays on Susceptibility in Bacterial Infection,” 
Journal of Pathology and Bacteriology, 1919, Volume 
XXIII, page 128. 


® W. E. Gye and E. H. Kettel: “Silicosis and Miners’ 
Phthisis,” British Journal of Experimental Pathology, 
1922-23, Volume III, page 241. 


© O. N. Panton and T. H. C. Benians: “The Influence 
of the Site of Inoculation upon the Infectivity of Anthrax 
Bacilli and Pneumococci for Laboratory Animals,” British 
Journal of Experimental Pathology, 1925-26, Volume VI, 
page 146. 


“® H. Schiitze and S. S. Zilva: “Diet and Tuberculosis,” 
Journal of Hygiene, July, 1927, page 204. 


oD S. R. Gloyne and D. S. Page: “The Reaction to 
B. tuberculosis in the Albino Rat,” Journal of Pathology 
and Bacteriology, 1923, Volume XXVI, page 224. 


a2) ¢, Da Fano: Fifth Report Imperial Cancer Research 
Fund, 1912, page 61. 


as) J. B. Simonds: “Leukemia, Pseudoleukemia and 
Related Conditions in the Slye Stock of Mice,” Journal of 
Cancer Research, 1924-25, Volume IX, page 329. 


ao) Hutyra and Marek: “Pathology of the Domestic 
Animals,” English Translation, 1926, Volume III, page 140. 


o>) W. H. Evans and E. R. Roberts: “Splenomedullary 
Leukemia in an X Ray Worker,” The Lancet, October 
13, 1928, page 748, 


a*) H. G. Wells, Maud Slye and Harriet F. Holmes: “The 
Comparative Pathology of Cancer of the Thyroid, with 
Report of Primary Spontaneous Tumors of the Thyroid in 
Mice and in the Rat,” Journal of Cancer Research, 1925-26, 
Volume X, page 175. 


“a> M. Haaland: “Les Tumeurs de la Souris,’ Annales 
de UInstitut Pasteur, 1905, Volume XIX, page 165. 


as) Maud Slye: “Biological Evidence for the Inheritability 
of Cancer in Man, Studies in the Incidence and Inheri- 
tability of Spontaneous Tumors in Mice,” Journal of 
Cancer Research, 1922, Volume VII, page 107. 


ao) J. Ewing: “Neoplastic Diseases,” Third Edition, 1928, 
page 397. 


®) Maud Slye, H. F. Holmes and H. G. Wells: “Primary 
Spontaneous Sarcoma in Mice,” Journal of Cancer Re- 
search, 1917, Volume II, page 1. 


¢. Bonne: “Ueber Geschwiilste bei Teertieren,” 
Zeitschrift fiir Krebsforschung, 1927, Band XXV, Seite 1; 
Abstracted in The Cancer Review, 1927, Number 20, page 
256. 


©) C, Dukes: “Simple Tumours of the Large Intestine 
and Their Relation to Cancer,” British Journal of Surgery, 
1925-26, Volume XIII, page 720. 


“3) V. C. David: “Papillomata of the Large Bowel,” 
Annals of Surgery, 1925, Volume LXXXII, page 109. 


«@) J, H. Saint: “Polypi of Intestine, with Special Refer- 
ence to Adenomata,” British Journal of Surgery, July, 1927, 
page 99. 


@) H. Brunn and F. Pearl: “Diffuse Gastric Polyposis, 
Adenopapillomatosis gastrica: Report of Five Proven and 
Seven Probable Cases,” Surgery, Gynecology and Obstet- 
rics, 1926, Volume XLIII, page 559. 


W. H. Woglom: “Experimental Tar Cancer,” Archives 
of Pathology and Laboratory Medicine, 1926, Volume II, 
page 533; Abstracted in The Cancer Review, 1927, Num- 
ber 18, page 357. 

@ J, A. Murray: Fourth Scientific Report, 
Cancer Research Fund, 1911. 

W. Cramer: “Recent Work on the Parasitic tiology 
of Cancer,” The Lancet, June 30, 1928, page 1347. 

©) Maud Slye: “Relation of Heredity to Spontaneous 
Thyroid Tumors in Mice; Studies in Incidence and In- 
heritability of .Spontaneous Tumors in Mice,” Journal of 
Cancer Research, March, 1927, page 54. 

“o M. Haaland: Fourth Scientific Report, 
Cancer Research Fund, 1911, page 48. 

“@) “International Conference on Cancer,” The Lancet, 
1928, Volume II, page 140. 


Imperial 


Imperial 


| 
| 
| 
| 
| 


Fesruary 9, 1929. 


THE MEDICAL JOURNAL OF AUSTRALIA. 


185 


Che Wedical Journal of Australia 


SATURDAY, FEBRUARY 9, 1929. 


Retrospect. 


Morbid Anatomy. 
Tue record of work in morbid anatomy for the 


past twelve months is one of steady progress rather 
than of spectacular advance. There is apparent an 
increasing realization of the importance of the study 
of the changes produced in the body by manifold 
etiological agents and experimental pathological 
research is being widely undertaken. 

In regard to the cause of malignant disease, 
prominence must be given to the international con- 
ference convened by the British Empire Cancer 
Campaign. At this conference as a result of his 
work on chicken sarcoma, J. B. Murphy advanced 
views which attracted great attention. He extracted 
a substance from the Rous tumour by means of 
which the same tumour could be produced in other 
fowls. Murphy regards the tumour-producing agent 
as a ferment; it is resistant to ultra-violet radia- 
tion and apparently possesses some specific affinity 
for special tissue cells. It is extremely doubtful 
whether these findings obtained from observations 
on chicken tumours will prove to have any bearing 
on the problem of malignant disease in human 
beings. 

William Thalhimer and F. D. Murphy have 
reported a malignant tumour of the islands of 
Langerhans, similar to that previously reported by 
Wilder and his associates. This report raises the 
question of the ability of the cells in one part of an 
organ taking on malignant action, while other 
closely associated cells retain their normal function 
and undergo no disorderly proliferation. 

E. L. Kennaway and Basil Sampson have shown 
that when cholesterol is heated to 800° C. a product 
results which causes epithelioma of the skin in mice 
and duct’papilloma of the mammary gland in a 
rabbit. 


J. Gray has made an experimental study of acute 
nephritis. He finds that the evidence for a bacterio- 
toxic origin of the disease is very strong, though 
it falls short of absolute proof. Some form of 
streptococcus is the organism most commonly 
associated with acute nephritis. 

Tumours of the nervus acusticus have been the 
subject of discussion in Adelaide and C. P. Rhoads 
and W. P. Van Wajenen have discussed their 
histology. The balance of evidence is in favour of a 
mesodermal origin for these tumours. 

Howard Florey has carried out some experimental 
observations on the absorption of particulate matter 
by the lymphatics of the abdomen. He concludes 
that intraabdominal pressure plays a prominent 
part in the removal of both gland and particles 
from the abdominal cavity. He finds confirmation 
to the views of MacCallum that particulate matter 
is absorbed through the intercellular spaces. At 
the same time he does not ignore the phagocytic 
action of the endothelial cells. 

A report by de Zalka of two cases of ectopic 
chorion-epithelioma has had the effect of drawing 
attention to the possible origin of these tumours 
and to their nomenclature. de Zalka opposes the 
view of Bostroem that these tumours arise from 
mesenchymal endothelial cells. He divides them 
into two classes, those associated with pregnancy 
and those associated with a teratoma. In a paper 
shortly to be published in this journal Utz puts 
forward the suggestion that the foetus may be the 
recipient of chorionic cells which have been proved 
to wander in the maternal circulation and that 
tumours arise from these chorionic rests. 

R. H. Jaffé has continued his work on the fat 
content of the thyreoid gland to which reference 
was made in the review of the progress in morbid 
anatomy published last year. He has altered his 
former views and now holds that the decrease in 
fat noted by him is the result of diseases. 

Reference has been made in another chapter of 
this series to the present state of knowledge on 
the causation of pernicious anemia. Minot and 
Murphy and their collaborators have studied the 
reticulocyte response in a large series of patients. 
They find that the specific active principle in liver 
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produces its effect by promoting the growth of 
the primitive cells that crowd the bone marrow. 
The height to which the reticulocyte level rises, is 
in inverse ratio to the number of red cells in the 
circulation. 


Perdrau has made a study of post-vaccinal 
encephalitis. He confirms the view of Turnbull and 
McIntosh that post-vaccinal encephalitis can be 
distinguished histologically from encephalitis 
lethargica. He finds that the nervous disorders 
complicating small pox, measles and other fevers 
as well as those occurring in the course of anti- 
rabic inoculations are histologically identical with 
post-vaccinal encephalitis and myelitis. 


E. A. Carmichael has made a study of the cerebral 
gliomata. As a result of his histological examina- 
tions he has suggested a simpler classification than 
that of Bailey and Cushing. He distinguishes 
spongioblastic and astroblastic tumours. The groups 
are characterized by definite pathological and 
clinical differences. 


David M. Greig has made a study of intracranial 
osteophytes. He holds that in old age calcium is 
given up by the skeletal system and redeposited in 
the anterior part of the calvarium, a place which 
has the necessary blood supply for the nourishment 
of bone-forming cells. 


A. J. Trinca has contributed to this journal the 
results of his investigations on abnormal hyper- 
plasia of the female breast. He has traced the 
progressive stages of hyperplasia and has concluded 
that the development of cysts and of tumours, 
whether innocent or malignant, is not an isolated 
phenomenon, but the local expression of a more 
widespread or even general change in the breast. 
Of the importance of these conclusions as far as 
treatment is concerned, no mention need be made 
in this place. 

Keith Inglis has reported a pathological study 
of pseudarthrosis of the tibia. He finds that the 
malformation is akin to that which accounts for 
congenital absence of the tibia, the difference being 
one of degree and not of kind. The tendency to 
this malformation is possibly transmitted by the 


germ plasm. 


S. P. Bedson and J. O. W. Bland have conducted 
experimental investigations into the supposed 
relationship between the viruses of herpes febrilis 
and vaccinia and have produced evidence which 


' tends to show that the viruses are not related. 


J. B. Cleland has continued his post mortem 
examinations in Adelaide. He finds that among 
1,600 bodies examined at the Adelaide Hospital, 
4% manifested syphilitic lesions. Less than 4% 
of the subjects died as a direct or indirect result 
of syphilis. Of 145 bodies examined at the mental 
hospital 10% manifested syphilitic lesions and 
death in most instances had been due to syphilis. 


Physiology. 

Important work has been carried out during the 
year 1928 on the essential chemistry of muscular 
contraction. The scheme of Meyerhof postulating 
the formation of lactacidogen or hexose diphosphate 
from glycogen and the building up of lactic acid 
to glycogen in the recovery phase seemed to be 
adequate to explain the events that take place in 
a voluntary muscle when it undergoes contraction. 
The independent discovery by Fiske and Subarrow 
and by Eggleton of a creatin-phosphate compound, 
phosphagen, in muscle and its relation to the in- 
organic phosphate of muscle on the one hand and 
to lactacidogen on the other have led to a reopening 
of the whole subject. Several studies have been 
published. The situation, however, is not yet clear. 

The action of sympathetic nerves on voluntary 
muscle is still arousing interest. Hartman and 
others have demonstrated that stimulation of the 
abdominal sympathetic chain causes rapid micro- 
scopic contraction of the fibres of the sartorius 
muscle. The movements are so small that they are 
not measurable by the methods ordinarily employed. 
The muscle fibres at the same time become clearer 
and the striations more distinct. It is suggested 
that these fibre vibrations are muscle tone. Coates 
and Tiegs have investigated the effect of the sympa- 
thetic innervation of voluntary muscle. They main- 
tain that they cannot confirm the statements made 
by Royle and Hunter in regard to the result of 
section of the sympathetic nerves on muscle tone. 
They find, however, that muscles deprived of their 
sympathetic innervation are much more easily 
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fatigued than normal muscles. Reference to this 
work has already been made under neurology. 
Since the publication of a paper by Hansman, Day 
and Clifton on the origin and significance of gastric 
chlorides, several workers have investigated this 
subject. Maclean and Griffiths have shown by 
experimental means that regurgitation plays little 
or no part in the physiology of gastric digestion, 
thus confirming Hansman’s contention. They pro- 
duce evidence to prove that the chloride ion is 
secreted at a definite fixed concentration, part of 
it as sodium chloride and part of it as hydrochloric 
acid. The relative proportion of the two portions is 
held to govern the acidity of the gastric juice at 
the different phases of gastric digestion. It will be 
remembered that Hansman, while refusing to admit 
regurgitation of duodenal fluid as a source of gastric 
chlorides, concluded that the chlorides are secreted 
through the gastric mucosa partly as acid and partly 
as neutral chlorides and that some of the neutral 
chlorides represent neutralized hydrochloric acid. 
The results of Hansman’s work have received con- 
firmation by Maclean and others by the observation 


of the changes in the secretion into an isolated 


gastric pouch. 

It has long been taught that food travels among 
the bowel in accordance with the law of the in- 
testine, postulated by Bayliss and Starling. This 
law is that there is always contraction above the 
mass of food and relaxation below it. Alvarez and 


Zimmermann have adduced radiographic and radio- . 


scopic evidence to show that relaxation in front 
of the mass is unusual. This has been confirmed by 
Henderson who has found ‘that the peristaltic wave 
normally .consists of a short-lived circular and 
longitudinal increase in the tonus of both coats of 
part of the small intestine. 

The determination of the circulatory minute 
volume in man does not seem to have been satis- 
factorily accomplished. Yandell Henderson and 
Haggard have compared the ethyl iodide method 
with the carbon dioxide method and have obtained 
figures of the same magnitude in both. Aitken and 
Clark-Kennedy have shown that the alveolar air 
samples obtained in carrying out Yandell Hender- 
son’s ethyl iodide method have a carbon dioxide con- 


centration at least 10% higher than the average 
carbon dioxide concentration in the alveolar air 
throughout the respiratory cycle. Marshall and 
Grollman have devised a new method of measuring 
the respiratory metabolism. They use a foreign gas 
and determine the rate of its absorption through the 
lungs. This is compared with the rate of oxygen 
absorption. The figures obtained are lower than 
those obtained by the ethyl iodide method. 
Morphology. 

An immense amount of work has been conducted 
on morphological subjects much of which has been 
careful and important. In the chapter of physical 
anthropology an interesting contribution has come 
from Middleton Shaw upon taurodent teeth in the 
living South African races, wherein he shows that 
this condition is occasionally found in modern races. 
He places the exact definition of the condition on a 
sound foundation. 

A considerable amount of detailed work has been 
carried out in the United States of America on the 
American negro, especially by Wingate Todd. This 
work has been proceeding for many years. 

Lightoller has carried out some good work on the 
anatomy of the facial musculature by studies on the 
orang-outang and other primates. He has traced 
the changes which have taken place in the evolution 
of the platysma myoides. The skull fragments of 
Pithecanthropus erectus have been restudied and 
described by Weinert of the Kaiser Wilhelm 
Institut in Berlin. Burkitt has drawn attention 
to the fact that the mandibles of modern New 
Caledonian natives occasionally approach very 
closely indeed to the Heidelberg mandible. This 
mandible is usually supposed to belong to a pre- 
Neanderthal race of man, even more primitive than 
the Neanderthal type. 

Hill has issued an important histological study 
of the mammalian enteric plexus in which the 
various problems connected with these plexuses are 
outlined. This work is probably the most valuable 
contribution to the histology of the enteric plexuses 
available to English-speaking workers. 

The contributions by the workers at the Carnegie 
Institute on anatomy and embryology have main- 
tained the usual standard of excellence. The experi- 
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mental work of Longworthy on the development of 
the cortex cerebri of the kitten and opossum is of 
particular interest to the neurologist. 

Considerable progress has been made in cytology 
especially by Horning on the nature of mito- 
chondria and their functions, following up the work 
of Brailsford Robertson and others who have 
ascribed to them an enzymatic function. Bensley 
and Vimtrup have demonstrated myofibrils in the 
Rouget cells of the capillaries and have conclusively 
proved their contractile nature. 

The endocrine organs and sex organs have beer 
the subjects of much research. New early human 
ova have been gained and described. 

Two books have appeared which will prove most 
valuable in the survey they give of the progress in 
anatomy. They are: “Recent Advances in Anatomy” 
by Woollard and a translation by Woollard 
of Lubosch’s “Umrisse von wissenschaftlicher 
Anatomie” (Outlines of Scientific Anatomy). 


Bio-Chemistry. 
The bio-chemist in recent years has extended his 


sphere of active interest to the etiology, patho- 
genesis, prophylaxis and treatment of disease. His 
problems are no longer exclusively of a general 
nature revolving around the chemical processes of 
health and disease in the abstract, but are fre- 
quently concerned with the individual and his meta- 
bolic vagaries. During the past year much work 
of a very varied kind has been done. 

The nature of the constituent of liver that has 
been found to exercise a therapeutic effect in 
pernicious anemia has engaged the attention of 
many workers. Cohn, Minot, Alles and Salter have 
found that the constituent is a material soluble in 
water, insoluble in ether and precipitable by alcohol. 
Fractions have been prepared free from iron, pro- 
tein, carbohydrate and lipoid. These fractions, it 
is said, possess full therapeutic activity. These 
investigators suggest that the substance is either 
a nitrogenous base or a polypeptide. 

Waddell, Elvehjem, Steenbock and Hart have 
studied the value of iron in nutrition. The ashed 
residues of dried beef and liver, dried lettuce and 
yellow corn and similar substances are more effective 
than iron in the treatment of anemia produced in 


rats by a diet of cow’s milk. They explain their 
results by assuming that the extracts contain in 
addition to iron some other inorganic substances 
concerned in the building up of hemoglobin. On 
continuing their work they discovered that liver 
extract prepared by Eli Lilly and Company contains 
traces of copper and they were able to demon- 
strate’ that copper in minute doses is in itself a 
potent therapeutic agent. McHargue, Healy and 
Hill have concluded from their experiments on the 
effect of copper in the anemia of rats that copper 
has an important function in the formation of 
hemoglobin and in the fhetabolism of animals having 
red blood. 

The cerebro-spinal fluid continues to attract the 
attention of bio-chemists. Fowweafher has improved 
the technique of the gold sol test. Stewart has 
encountered some highly interesting points in the 


cytology and the protein, sugar and chloride con-— 


tent of the cerebro-spinal fluid of normal children. 
Neale and Esslemont have determined the sugar, 
chloride and calcium content of the cerebro-spinal 
fluid of children suffering from various forms of 
meningitis, from acute pneumococcal infections and 
from other infective processes without meningeal 


| involvement. They criticize the current view that 


tuberculous meningitis is constantly associated with 
a low chloride content of the fluid. Their findings 
reveal the variation of the chemistry of the fluid in 
the successive stages of the disease. Linder and 
Carmichael have noted that a fall in the chlorides 
in cerebro-spinal fluid is dependent on a similar 
fall in the chloride concentration of the serum. 


Moncrieff and Payne hAve put forward the hypo- 
thesis that celiac disease is primarily a- disorder 
of fat metabolism associated with an increase of 
the fat in the blood and in the feces. They suggest 
that the excess fat is excreted in the feces. They 
have recorded the fat content of the blood of a 
number of patients with celiac disease. Similar 
findings have been reported by other observers. 

The relation of cholesterol to the metabolism of 
the body has been studied closely. Gardner and 
Gainsborough have carried out experiments in con- 
nexion with a condition termed alimentary 
cholesterolemia. They hold that in this condition 
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there is an active endogenous metabolism in which 
cholesterol takes part during digestion. In their 
recent work they have paid special attention to 
the cholesterol content of the blood and the basal 
metabolic rate. Maxwell has contributed some sound 
work on the cholesterol content of the blood in the 
several forms of nephritis. More information will 
be collected on this important subject in the near 
future. At present an exact evaluation of the 
significance of cholesterol in the animal economy 
cannot be made. 

Woodhouse has estimated the total amount of 
substances soluble in alcohol-ether contained in the 
adrenal bodies and gonads of patients in mental 
hospitals. The smallest amount of fatty material 
extracted was from the organs of patients with 
dementia precox and the greatest amount from the 
organs of patients with senile dementia. The sub- 
ject of obesity has been attacked from several 
points. Goldblatt, Forest Smith and Gardner Hill 
have estimated the blood sugar curve and respira- 
tory exchange of persons with both exogenous and 
endogenous obesity, with a view to the determina- 
tion of the carbohydrate metabolism. The only 
distinction they have been able to demonstrate is 
that in the early stages of endogenous obesity there 
is a definite increase of the carbohydrate tolerance, 
which does not exist in subjects with the exogenous 
form, and further that in the later stages there is 
a tendency to carbohydrate intolerance. Parkes 
and Drummond have found that excessive fatness 
is not necessarily associated with sterility; they 
believe that the fatness is more often a result than 
a cause of sterility. 

It has been shown by Zwarenstein that the uric 
acid and creatinin content of the urine is not 
influenced by the creatin-creatinin content and the 
purin-free protein content of the diet. He suggests 
that the calorific value of a diet may be an im- 
portant factor in regard to the metabolism of uric 
acid and creatinin. Hurst and Imrie have 
endeavoured to associate variations of creatinuria 
with the rigidity of Parkinson’s disease. They find 
also that creatinuria is sometimes encountered as 
a sequel to fractures of bones. Thyreoid feeding 
appears to exert an influence on both conditions. 


Harrison and Bromfield have produced evidence 
to show that the substance in the serum of patients 
suffering from uremia responsible for the reaction 
described by Andrewes, is an indoxyl compound, 
potassium indoxyl sulphate (indican) and possibly 
in part indoxyl glycuronate. 

Some interesting work on the estimation of the 
amino-acid content of blood filtrates by Folin’s 
method has been carried out by Edgar. He found 
that the figures obtained vary according to the 
alkalinity of the solutions. The rate of increase 
of the amino-acid nitrogen falls off gradually to 
give a constant value at an alkalinity higher than 
that used by Folin. He has estimated the amino- 
acid nitrogen in normal children and in persons 
suffering from various pathological conditions and 
has recorded a lowering of the content in nephritis 
and renal and celiac infantilism. 

A great deal of research has been conducted in 
connexion with the chemistry of the Van den Bergh 
reaction. Morrell Roberts has endeavoured to prove 
that the suggestion of Collinson and Fowweather 
is untenable that bilirubin is present as the 
ammonium salt in those samples of serum that yield 
a direct reaction. In these conditions the bilirubin 
is present to a large extent in the free colloidal 
condition. Newman has isolated two forms of 
bilirubin in the laboratory; he has shown that 
there are in addition two forms that exist in 
nature. 

Muriel Brown has investigated the hemoclastic 
and levulose tests in normal and abnormal con- 
ditions of childhood. The hemoclastic test was 
found to give inconsistent results. A rise of 30% 
in the blood sugar content after the taking of 
levulose is accepted as evidence of hepatic disease. 
This occurred in the majority of persons with 
hepatic involvement. She points out that it is 
essential to use pure levulose. Taylor Chadwick 
has found that children with active rheumatism, 
with or without heart affection, and children with 
chorea and heart affection manifest an appreciable 
intolerance to levulose. On the other hand, children 
suffering from simple chorea, those who have 
recovered from rheumatism and healthy children 
tolerate lzevulose well. 
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Abstracts from Current 
Wevical Literature. 


THERAPEUTICS. 


Cinchophen. 


D. C. Surron (The Journal of the 
American Medical Association, August 
4, 1928) reports a case of acute yellow 
atrophy of the liver following the 
taking of cinchophen. Deaths from 
toxic jaundice have been recorded 
following the ingestion of “Atoquinol,” 
cinchophen, “Atophan” or phenyl- 
quinoline-carboxylic acid. It has been 
suggested that nitrophenols or nitro- 
benzenes such as nitrobenzol and 
trinitrotoluene, may be formed from 
the benzene ring in the quinoline 
nucleus of cinchophen and give rise 
to the toxic effect on the liver. Cin- 
chophen is most useful in acute gout 
and should be used only during acute 
attacks, being withdrawn on the occur- 
rence of urticaria, gastric distress or 
jaundice. The case recorded was that 
of a woman, aged twenty-seven, who 
had taken at least three boxes of 
twenty-five tablets each of cinchophen 
on the advice of a friend. She com- 
plained of nausea, vomiting and con- 
stipation. For three weeks prior to 
these symptoms she had noted a yel- 
low colour of the skin and an itchy 
eruption of the face, arms and body. 
She had moderate jaundice when first 
seen and a papular rash over face, 
arms and body; attacks of constric- 
tion of the throat occurred, the face, 
lips and tongue being greatly swollen; 
a temperature of 37-8° C. (100° F.) 
was noted. The liver dulness de- 
creased, the pulse became rapid and 
ascites occurred. A mercury prepara- 
tion was given intravenously to 
remove the fluid; instead, the urine 
decreased from 1,200 to 300 cubic 
centimetres daily for the next four 
days, albuminuria occurred and red 
cells were observed in the urine. 
Paracentesis abdominis was per- 
formed and nine litres of clear straw- 
coloured fluid were withdrawn, but 
next day the abdomen was again dis- 
tended with fluid. A Talma-Narath 
operation was carried out in the hope 
of relieving the patient, but it had a 
fatal result. A post mortem examina- 
tion revealed yellow and red areas in 
the cut liver. Microscopical examina- 
tion of the yellow areas revealed 
fatty infiltration, degeneration and 
necrosis. The red areas showed exten- 
sive hemorrhage. The kidneys were 
affected with cloudy swelling and 
degeneration, especially of the con- 
voluted tubules. 


Peripheral Vascular Diseases. 

A. W. ALLEN AND R. H. SMITHWICK 
(The Journal of the American Medical 
Association, October 20, 1928) record 
the results of treatment of obliterative 
vascular diseases of the extremities 
with intravenous injections of typhoid- 
paratyphoid vaccine. Twenty-five 


patients were treated, three females 
and the rest males; the ages were 
between twenty and sixty-two. The 


disabilities were ulceration, pain in 
the limbs, numbness, coldness or blue- 
ness of hands or feet; the ulcers were 
on the toes or fingers. Vasomotor dis- 
turbances, thrombo-angiitis obliterans 
or arterio-sclerosis with or without 
diabetes, were diagnosed in all except 
four, in whom the cause was uncer- 
tain. A low surface temperature of 
the limb, absence of pulse or X ray 
evidence of Ménckeberg’s sclerosis 
was noted in all cases. Intravenous 
injections of 25 to 300 million typhoid- 
paratyphoid A and B vaccine were 
given at weekly intervals (from one 
to fifteen injections), a rise of 
1° to 2-5° C. temperature was sought. 
The circulation of the limbs was im- 
proved in most cases; nine were 
relieved, ten improved and seven not 
improved. Elevation of the limb and 
rest, Buerger exercises for three hours 
a day, large quantities of fluids by 
mouth, restricted smoking and a 
cradle over the legs with a tompera- 
ture of from 37°8° to 43° C. ‘i00° to 
110° F.) maintained by electric lights, 
were adjuvants to the treatment. 


Gold Treatment of Pulmonary 
Tuberculosis. 

H. Scumipr (Deutsche Medizinische 
Wochenschrift, October 19, 1928) has 
analysed his results in a series of 
forty cases of pulmonary tuberculosis 
with a new gold preparation, “G 2949.” 
It is stated to be ten times less toxic 
than “Krysolgan.” The initial dose 
used was 0-025 gramme followed by 
0-50, 0-75 and 0-10. Subsequent doses 
are increased by 0-05 gramme until 
the whole course comprises 2-5 to 10 
grammes. Injections are given at 
weekly intervals. In the majority of 
the patients no subjective symptoms 
were noted. Headache, giddiness and 
dyspnea were encountered in the 
the others. In one case collapse with 
rigors was noted after an injection 
from a fresh batch of gold. It was 
found to be an anaphylactic 
phenomenon due to a different colloid 
used in the preparation of this batch 
as compared with the former one. 
Increase of weight and ability to work 
were recorded in thirty-three patients. 
Cough and sputum were considerably 
reduced or disappeared in twenty-four 
patients, remained unchanged in ten 
and became increased in six, Clinical 
investigation of the chest showed 
reduction in moist sounds in ten, 
while in twenty-eight no appreciable 
change was observed. In laryngeal 
tuberculosis, especially if acute, 
smaller doses are indicated in order 
to prevent a severe reaction. 


Anesthesia with “Avertin.” 

F. NestMANN (Klinische Wochen- 
schrift, September 30, 1928) describes 
his results with “Avertin,” a tribrom- 
ethyl alcohol preparation. The dosage 
employed was 0-1 gramme per kilo- 
gram body weight or else 0-125 and 
0-15 gramme in certain conditions. 
The maximum amount should not ex- 
ceed ten grammes for athletic males 
and six to eight for females. The 
drug dissolved in two hundred cubic 
centimetres of warm distilled water is 
injected high up into the rectum 


about half an hour before operation. 
The minimum dose does not always 
produce anesthesia ‘sufficient for 
more than minor operations, but the 
addition of a small amount of ether 
by inhalation will overcome this diffi- 
culty. The blood pressure was un- 
altered or else dropped from ten to 
thirty millimetres in the majority of 
patients, but the administration of 
ether soon rectified this. Respirations 
were increased to between twenty and 
thirty per minute. Cyanosis was 
evident. Nystagmus occurred in 40% 
shortly after the commencement of 
narcosis. While the results in general 
surgery were excellent, it did not 
prove useful for patients with goitre. 
Injurious effects on the _ intestinal 
mucosa or the kidneys were not 
observed. Patients usually slept for 
four or five hours afterwards. He 
considers that full narcosis by means 
of “Avertin” is more dangerous than 
that following the usual inhalation 
methods. However, as a means of 
reducing the amount .of ether neces- 
sary and thereby lessening the chances 
of pulmonary complications in certain 
circumstances it has a distinct field 
of usefulness. The pharmacology of 
the drug is also described in detail. 


Gastric Ulcer. 

M. Roeck (Klinische Wochenschrift, 
October 28, 1928) considers that the 
treatment of gastric ulcer with 
alkalis and also atrophine is often dis- 
appointing and seldom results in a 
Permanent cure. The _ predisposing 
cause of ulceration is a chronic 
gastritis and this must be cured before 
the ulcer can be treated successfully. 
This view is borne out by the experi- 
ence that after excision of the ulcer 
no improvement in symptoms occurs. 
He has adopted the mechanical wash- 
ing out of the mucous secretions in 
the stomach by means of a duodenal 
sound. The sound with the opening at 
the side and not at the tip of the 
bulb is passed into the stomach under 
radiological control and tepid water in- 
jected under slight pressure. Large 
quantities of mucus are removed by 
suction. A sample of the gastric con- 
tents can be aspirated before lavage 
and the degree of acidity or the 
presence of abnormal constituents 
noted. The value of this treatment 
lies in the fact that the patient can 
resume a much less restricted diet at 
once with consequent rapid improve- 
ment in general health. 


Arterial Hypertension. 


H. Senator (Deutsche Medizinische 
Wochenschrift, October 19, 1928) con- 
siders that arterial hypertonus is not 
a disease in itself, but merely a 
symptom complex of which the real 
cause must be found and treated. 
Hypertension can be caused by arterio- 
sclerosis, infections and toxins as 
syphilis and alcohol, endocrine dis- 
turbances, nervous diseases of the 
spastic type or a pure psychosis. When 
due to arterio-sclerosis hypertension is 
characterized by typical symptoms of 
headache, giddiness, insomnia and 
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lassitude and for a considerable period 
no permanent changes in the kidneys 
are observed.. Patients with this con- 
dition should be treated with potas- 
sium iodide 0-1 gramme three times a 
day and it is often advantageous to 
combine small doses of bromide with 
it. No attempt should be made to 


lower blood pressure too rapidly. 


Patients with a spastic nervous basis 
are best treated with hypnotics and 
sedatives such as bromides and 
“Luminal” (0:03 gramme three times 
a day). Nitroglycerine and amyl 
nitrite are emergency drugs and have 
no prolonged action. More lasting 
effects are obtained by the use of 
erythrol tetranitrate (0:02 gramme) 
combined with sodium nitrite (one 
cubic centimetre of a 2% solution) 
given intravenously. If failure results 
then the diagnosis of the cause must 
be reviewed. In conditions due to 
endocrine disturbances, especially those 
associated with the menopause, 
sedatives combined with ovarian 
preparations are useful, but have to be 
administered over considerable periods. 
Venesection (300 to 500 cubic centi- 
metres) is useful when the symptoms 
are threatening and death appears 
likely. Psychotherapy must always be 
considered for persons with raised 
blood pressure, especially with essen- 
tial hypertension, and is a very useful 
adjuvant to medicinal treatment. The 
prognosis is good provided that the 
duration of the raised pressure is short 
and no definite secondary changes in 
essential organs have occurred. When 
it is merely a symptom of a general 
condition, such as cardiac insufficiency, 
advanced renal disease or general 
arterio-sclerosis, the prognosis depends 
on the primary lesion and is much less 
favourable. 


NEUROLOGY. 


Tumours of the Temporal Lobe. 

ANATOLE Kotopny (Brain, October, 
1928) has studied a series of thirty- 
eight tumours confined to the tem- 
poral lobe of patients of the National 
Hospital, Queen Square, London. 
Avoiding the undesirable attempt to 
formulate a definite temporal lobe 
syndrome, he enumerates the symp- 
toms and signs in their order, of fre- 
quency. Headaches, though constant 
(100%), are per se of no localizing 
value. A local, paroxysmal, agonizing 
pain, perhaps due to pressure on the 
fifth nerve (26%), is characteristic. 
Vomiting (50%), papilledema (86%) 
and incontinence (20%) are mainly 
and merely indicative of increased 
intracranial pressure. Of psychic 
disturbances, defect of memory for 
both recent and remote events (50%) 
is important, but has no lateralizing 
value. Fits (50%) may have both 
localizing and lateralizing value, 
instanced by uncinate fits, dreamy 
states and visual hallucinations. 


Motor and sensory disturbances (92%) 
are neighbourhood symptoms of im- 
portance. 


In this connexion, contra- 


lateral weakness either of the whole 
body or or face and limbs, conjugate 
deviation of both eyes to the contra- 
lateral side and fine vibratory tremor 
of the hand may arise. Absence of 
the contralateral abdominal refiex 
(39%) is indecisive. An extensor 
plantar response is a somewhat later 
sign than disappearance of the 
abdominal reflex. Gait and balance 
are not materially disturbed. Defects 
in the visual fields are rare, because 
the optic radiations wind round elastic 
and yielding structures, the horns of 
the lateral ventricle. Disturbances of 
hearing, smell and taste have little 
localizing and  lateralizing value. 
Speech disturbances are less import- 
ant than is usually believed. Aphasia 
was the first localizing sign in only 
four patients. Of oculo-pupillary 
changes (55%) myosis or mydriasis, 
ptosis and alterations in size or shape 
of the pupil are the commonest and 
are mainly due to involvement of the 
trigerpjnal sympathetic. 


Lipodystrophy. 

Lioyp H. (Brain, June, 
1928) presents the clinical histories of 
seven patients with lipodystrophic dis- 
turbanves, examined at the Mayo 
Clinic. In two of the patients the 
findings were unusual: A woman lost 
all subcutaneous fat, the loss begin- 
ning in the lower extremities, in two 
distinct attacks thirteen years apart. 
Diabetes mellitus, splenomegaly and 
hepatomegaly came on after the 
second attack. The other patient, a 
man, lost all subcutaneous fat in- 
sidiously over a period of two years 
prior to the onset of diabetes mellitus. 


Nervous symptoms present in this 


affection may be due to the patient’s 
self-consciousness over his appearance 
or to physiological disturbance of the 
nervous system so rich in fatty sub- 
stances. Five of the seven patients 
showed signs of diabetes mellitus. 
Chief among the hypothetical causes 
are neurotrophic and endocrine dis- 
turbances, alteration of fat meta- 
bolism, race and heredity, infection 
and congenital defect. The pathology 
is obscure. In cases in which the skin 
from affected areas was examined, sub- 
cutaneous fat was absent. Fat-ingest- 
ing phagocytes have been found in the 
intestinal mucosa and in the skin in 
a few instances. Treatment’ by 
paraffin injections to remedy the facial 
appearance has not been permanently 
successful. A few have derived benefit 
from rest in bed, ovarian extract and 
whole pituitary gland. 


Oculo-gyric Crises in Chronic 
Encephalitis. 

P. K. McCowan anno L. C. Cook 
(Brain, October, 1928) point out that 
oculo-gyric crises are unknown apart 
from epidemic encephalitis. They 
give an account of twenty-three 
instances occurring in 136 encepha- 
litics. The crises arise in patients 
with Parkinsonism. They are in the 
nature of tonic seizures and need not 
be confined to the eye muscles, a more 
or less coordinated spread to the 
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‘muscles of the head and neck being 


not uncommon. The eyes may become 
fixed in any position and this position 
may change during a crisis. The 
duration of the attack varies from a 
few seconds up to _ several hours. 
Fatigue and emotion may be deter- 
minants, but mostly no precipitant 
cause can be found. Suggestion may 
shorten an _ attack. Each patient 
usually finds some means of allaying 
the discomfort incident to the crisis, 
lying down with eyes covered being 
the most common. It is misleading 
to regard these crises as hysteriform. 
They may be release phenomena 
resulting from abolition of cortical 
inhibition. The causal lesion may lie 
in associational mechanisms situated 
above the four supranuclear centres 
subserving conjugate movements, on 
the theory that there is a _ supra- 
nuclear centre for lateral conjugate 
movements and one for vertical move- 
ments on each side. The crises tend 
to disappear with time and this is 
specially so when treated with hyo- 
scine, which is best administered 
hypodermically and under careful 
supervision. A large proportion of 
encephalitics with oculo-gyric crises 
deteriorate mentally so as to require 
certification. 


Dementia Przecox. 


X. ABELY (Annales Médico-Psycho- 
logiques, July, 1926) has studied 150 
patients with dementia precoz in order 
to clarify the diagnosis of this dis- 
order. In his opinion the following 
symptoms are so constant as to make 
diagnosis certain: personal awareness 
of mental disorder, sense of change in 
personality, ideas of being influenced 
by obscure agencies, attacks of anxiety, 
opposition to restraint of any kind, ex- 
altation of instincts, especially that 
of sex, urges toward self-destruction 
and a taste for abstract thought and 
language. Every one of these symp- 
toms may be bizarre in character and 
an essential feature is their incon- 
gruous and paradoxical grouping. 


General Paralysis and Dementia 
Przecox. 


H. Criaupe (Revue Neurologique. 
December, 1927) points out that as a 
rule the differentiation of general 
paralysis from dementia precox 
(schizophrenia) offers little difficulty 
and yet, as several observers have re- 
ported, mixed cases do occur. Apart 
from these somewhat rare examples 
the author wishes to draw attention to 
the frequency with which paranoid or 
hallucinatory states supervene in 
general paralytics who have previously 
undergone malarial treatment, a fact 
which Gerstmann, of Vienna, first 
indicated. From the etiological and 
pathogenic standpoints the interpreta- 
tion of such conditions is difficult. 
The clinical picture recalls what has 
been seen after certain infections such 
as encephalitis lethargica. Claude is 
inclined to follow Gerstmann in think- 
ing that the malaria dissipates re- 
actions of a paralytic order to replace 
them by those of cerebral syphilis. 
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Mbituarp. 


HENRY MARTIN DOYLE. 


Ir is with much regret that we have to announce the 
death on January 29, 1929, of Dr. Henry Martin Doyle, 
M.L.C., of Newcastle, New South Wales. 


<i 


LISTS OF MEMBERS. 


Ir has been decided to issue the lists of members of the 
several branches of the British Medical Association in 
Australia as a document apart from this journal. As the 
eost of setting and printing this list is considerable, the 
Directors of the Australasian Medical Publishing Company, 
Limited, have resolved to offer the copies for sale at one 
shilling each. Members desiring to receive a copy should 
send in their orders either to the Honorary Secretary of the 
Branch to which they belong or to the Manager, THE MEDI- 
CAL JOURNAL OF AUSTRALIA, The Printing House, Seamer 
Street, Glebe, New South Wales, together with a postal note 
for one shilling. The orders must be received not later 
than _February 28, 1929. 


Books Receiven. 


A PATIENT’S MANUAL OF DIABETES, by Herbert W. Moxon, 
B.A. (Cantab. 7 M.R.C.S. (England), L.R.C.P. (London) ; 
1929. London: K. Lewis and Company, Limited. Crown 

on pp. 144. Price: 6s. net. 
WHAT IS LIFE? by Augusta Gaskell, with an Introduction by 


Karl T. Compton Raymond Pearl; 1928. London: 
Tindall and "Gan Royal 8vo., pp. 324. Price: 
s. ne 


Wedical Appointments. 


THE undermentioned have been appointed Resident 
Medical Officers at the Adelaide Hospital, South Australia: 
Dr. John Matthew Dwyer, Dr. Bernard St. Patrick Gillett, 
Dr. Bertram Speakman Hanson, Dr. Philip Cornelius 
Hogan, Dr. William Rex James, Dr. Michael Kelly 
(B.M.A.), Dr. Arthur Charles Savage, Dr. Patrick William 
Shanahan, Dr. Bronte Creagh Smeaton, Dr. Aloysius Daly 
Vergilius Smith, Dr. Ronald Lister Verco, Dr. Malcolm 
August Trundinger (BMA) a and Dr. Patrick John Reilly. 


Diarp for ot the 


12.—New South Wales Branch, B.M.A.: Ethics Committee. 
. 14.—Victorian Branch, B.M.A.: Council. 

14.—New South Wales Branch, B.M.A.: Meeting of the 
15.—Central Southern Medical Association, New South 


Wales. 
. 19.—New South Wales Branch, B.M.A.: Organization and 
Science Committee 
19.—New South Wales | | B.M.A.: Executive and 
Finance Committee. 


Fes. 
FEs. 
Fre. 
Fes. 
Fes. 
Fes. 1 


Wedical Appointments Vacant, etc. 


For announcements of medical appointments pce ag assistants, 
locum tenentes sought, etc., see “Advertiser,” page xx. 


ADELAIDE HospiTaL: Medical Registrar, Surgical Registrar. 
Day esrorp District HospiraL: Resident Medical Officer. 
Ecuuca District HospitaL: Resident Medical Officer. 
GOVERNMENT OF TonGA: Assistant Medical Officer. 

RoyaL NortH SwHore HospiraL or SypNey: Honorary 


Assistant Radiographer, Assistant Medical Super-_ 


intendent. 


RoyaL Prince ALFRED HospiTaL, SypNEY: Radium Registrar. . 


WELLINGTON HospiraL Board, WELLINGTON, NEw ZEALAND: 
Orthopedic Specialist. 

WESTERN AUSTRALIAN STATE Pusric Service: Medical 
Officer of Health. 


Medical Appointments: Important Motice, 


MazpicaL practition requested not to for 
appointment referred in t the fol follow: table, 
e first column, or e ical Secreta: f 
British Association, Tavistock Square, London, W.C. 


BRANCH. APPOINTMENTS. 


Australian Natives’ Association. 
Ashfield and District Friendly Societies’ 
nsary. 
Balmain United Friendly Societies’ 
Dispensary. 4 


Friendly Society Lodges at Casino. 
SouTrH WALgSs: 
Honorary Secretary, Leichhardt and Petersham Dispensary. 


0 - 34, Blizabeth Manchester United Oddfellows’ Medical 
Street, Sydney. Institute, Elizabeth Street, Sydney. 


Marrickville United Friendly Societies’ 
Dispensary. 


North Sydney United Friendly Societies, 
People’s Prudential Benefit Society. 
Phenix Mutual Provident Society. 


All Institutes or Medical Dispensaries. 
Australian Prudential Association Pro- 
VICTORIAN : prietary, Limited. 

Secre Mutual National Provident Club. 

elbou Hall, ~ National Provident Association. 
Hospital or other appointments outside 
Victoria. 


edica ers of country hospi 
QUEENSLAND: Hon- in Queensland are advised to 
grery Secretary, submit a copy of their a joemment 
to the Council before signin 
nstitute. 


Stannary Hills Hospital. 


All Contract Practice Appointments in 
South Australia. 


Secret 207, North 
Booleroo Centre Medical Club. 


Terrace, Adelaide. 


WESTERN 
AL Hon 


Secretary, 65, Saint All Contract Practice Appointments in 
| Western Australia. 
erth. 


New ZEALAND 
(WELLINGTON Drvi- Friendly Society Lodges, Wellington, 


SION) : Honorary 


Secretary, Welling- ew Zealand. 
ton. 


Medical practitioners are requested not to apply for appoint- 
ments to position at the Hobart General Hospital, Tasmania, 
without first having communicated with the Editor of TH 
MgpicaL JOURNAL OF AUSTRALIA, The Printing House, Seamer 
Street, t, Glebe, New South Wales. 


Editorial Motices. 


Manuscripts forwarded to the office of this journal cannot 
under any circumstances be returned. Original articles for- 
warded for publication are understood to be offered to THE 
— JOURNAL OF AUSTRALIA alone, unless the contrary be 
state 

All communications should be addressed to “The Editor,” 
THe MepicaL JOURNAL OF AUSTRALIA, e | 
Seamer Street, Glebe, Sydney. (Telephones : MW 2651-2.) 


SuBSCRIPTION RatTEs.—Medical students and others not 
receiving THE MEDICAL JOURNAL OF AUSTRALIA in virtue of 
of the of the British Medical Association 
in the Commonwealth can become subscribers to the journal by 
applying to the Manager or through the usual agents and book- 
sellers. Subscriptions can commence at the beginning of an —_ 
quarter and are renewable on December 31. The rates are £ 
for Australia and £2 5s. abroad per annum payable in advance. 
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